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PREFACE 

It is with a certain trepidation that I 
have entertained the proposal of an English 
translation of an entirely unpretentious book, 
which is, in fibt, only an extension of a 
chapter added to “Telegrafia senza Filo” 
(Telegraphy without Wires). 

The fact that this book has gone through 
two Italian editions in a very short time 
certainly shows that iny work has not been 
useless In my own country. But to issue an 
edition in the language of those illustrious 
men to whom, above all, we owe the ad- 
mirable theory which forms the .subject of 
this little book is quite a different thing. 

That which has weighed with me in my 
decision was the thought that this English 
translation might at least serve to show with 
what great favour the development of the 
ideas concerning the first cause of physical 
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phenoniena has been received in Italy, and 
also to show how fully the works of those 
philosophers to whom this development is 
due are appreciated in this country. 

AUGUSTO RIGHI. 

Bologna, Italy, 

August, 1904, 



TRANSLATOR’S PREFACE 

For more than twenty-five years Profes- 
sor Righi has been an in^fatigable inve>lb 
gator and constant contributor to electrical 
science, and ha^ attained a fotemost rank 
among Italian scientists. While he is not 
one of the relatively small group of investi- 
gatorb to whom vve owe the extremely im-* 
portant theory outlined in thiS book, he is, 
nevertheless, admirably qualified to diicuss 
and explain the theory, both l^y reason of 
his deep insight into electrical phenomena 
and because of his ability to explain iniri* 
cate physical proc<isse»« without the aid of 
mathematical formulae. 

As Professor Righi states in his preface 
to the first edition, the Italian original was 
l^tten more with the object of interesting 
t%%Sreatest possible number of readers in 
tlpl^fnew and important branch of physics 

vil 
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than as a book of reference for physicists. 
With this end in view the subject-matter 
was presented in an elementary form, and 
the book met with a very marked success. 

I have made this translation believing that 
there are at least as many English as Italian 
readers to w^hom an eleHientar}^ treatment of 
the electron theory as it stands at present 
will be acceptable. 

Professor Righi has read the proofs of the 
translation, thus insuring its accuracy, and 
has kindly provided me with a special preface 
in English. 


Madison, Wisconstk,- 
September* 1904. 


AUGUSTUS TROWBRIDGE. 
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INTRODUCTION 


A NEW and interesting branch of science 
havS beeb formed, partly as a result of the 
numerous recent experimental researches on 
the electric discharge, and partly as a conse- 
quence of the discoveiy of radio-activity and 
\iew phenomena in magneto optics. At the 
same time these researches have caused a 
theory to spring up which harmonizes* all 
the and which has profoundly modified 
thm fominant ideas concerning the imme- 
diate cause of electrical phenomena, and of 
physical phenomena in general. 

When the old hypothesis of the electric 
fluid was abandoned, chiefly because of the 
disinclination to admit “action at a dis- 
tance,” it seemed for a time as though Fara- 

§ ideas, formulated later by Maxwell, 
lead to a n6w con'^6pt regarding the 
of electrical, phenomena, since, accord; 
' Faraday, the ether, and not the, SO- 

3d 
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called electrified bodies, is the seat of the 
phenomena. But the impossibility of find- 
ing a satisfactory mechanical representation 
of the supposed elastic (^formations of the 
ether, to which were attributed in Maxwell’s 
theory the apparent forces at a distance, and 
the necessity of admitting at any rate*.the 
existence of an entity distinct from the ether 
and from matter, made it soon apparent that, 
even under the new order of ideas, the 
conception of the nature of electricity still 
remained obscure. 


At present a, new evolution is being ac^ 
complished, since, without knowing 
more about the first cause, an atomcH|^ 
ture is attributed to electricity. Thi^Hp 
conception, suggested by the studies rnwfi- 
tioned farther on, already shows promise of 
becoming as fruitful as the analogous otl'e 
which has long been adrnitte<i regarding the 
constitution of matter, inasmuch as it per^ 
inits us to plac^in reciprocal relation, jUm 
even quantitat&fe, phenomena which 
utterly different and independent dlHH 
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What the electrons or electric atoms really 
are remains a mystery; but in spite of this 
the new theory may perhaps acquire not a 
little importance in the future even from 
the philosophic point of view, since it points 
out a new mode of considering the structure 
of ponderable matter and tends to bring back 
to a single origin all the phenomena of the 
physical world. 

It is indeed true that, with the modem 
positivist and utilitarian tendencies, many 
people do not appreciate this advantage, and 


prefer to consist* a theory principally as a 
t means to arrange and coordinate 
as a guide for the investigation of 
enomena. But if hitherto men have 
ed too much in the power of human 


ingenuity and have too easily believed them- 


dves to be on the point of discovering the 


ultimate cause of things, we perhaps fall into 


contpiry excess. 

lis book I shall set forth the principal 
hich have led to the electron theory, 
til endeavour to make this theory 
feast along its general lines. 
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CHAPTER I 


ELECTROLYTIC IONS AND ELECTRONS ^ 

The hypowesis of electrolytic dissociation 
is generally admjtted in order to explain 
electrolysis in accord with the well-known 
laws^of Faraday %hich this phenomenon 
lEach molecule of an electrolyte may 
rfpPP^p^iito io7ts ; that is, into two 
atdfc or^tomicr giroups having equal charges 
of opposite sign*^ Thus when a solid, such 
as dik)ride^‘t)f or common salt, is 

dissolved'Tn water, some of its molecules 
^rgd dissociation; that is, these mole-, 
^as^tq exi^ as guc^^ and their Jons 
^jferated and^Tree*.. Owing to the 

mbers itx paretitheses in!*ir%|l in the text refer to 
iphy at the etid of the boolc* 
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invisible molecular and atomic motions, 
whose energy constitutes tjie heat contained 
in a bod)^ these ions wander through the 
liquid, without, however, any given direction 
of motion predominating. In the resulting 
mutual collisions it happens at one instant 
that^i a molecule breaks up into ions, at 
another instant that individual ions recom- 
bine into molecules. l‘here are, so to speak, 
incessant unions and separations, in spite of 
which the number of dissociated moleci|les 
remains sensibly independent of the time* 
When two electrodes connected with the 


poles of a battery are immeised in the solu- 
tion, the ions of the two kinds 
ample, the positive ions of sodium affSBie 
negative ions of chlorine ^ — no longer wanJrcr 


at hap^l^rd in any direction ; but, obeying 
the electnc force, the first a£p^achj:h^^^ 
tive_e|gctrDde|_^ the ""second the 


positive electrode, or anode* On arri 
it Jthe electrodes, the ions give up 
eiiarge^^ and become neutral aton)§,^ 
remain frce, at lea^jt if no special c 
sfetion Skes jiaoe between these ato 
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the suiTounding bodies (this, by the way, is 
precisely what would happen in the case of 
tlie sodium). The electric currant in the 
liquid consists in this transport of electricity 
b^rp.ughl. about by the ions. 

Electrolysis obey.s the two laws- which 
were ehunciatt.'d l>y Faraday. The filst of 
these laws, wdiich asserts the proportionality 
existing between the quantity of electricity 
traversing the liquid and the quantity of 
matter deposited on the electrodes, is em- 
bodied in the statement that all the ions 
existing in the liquid possess charges equal 
in absolute value. Thus, in the case of 
chl^de of sodium, the ions of the metal 
positive charges all equal among them- 
selves, and equal, but of opposite sign, to the 
charge of any one of the ions of dhiorine. 

In order to satisfy Faraday’s second law, 
according to which' a proportionality exists 
(fetween the relative^ chemical equivalents of 
d^ereht electrolytes and the amount of each 
■jj^^posed when the same quantity of elec- 
Hply is transmitted through them all, ^as 
be the case wlien all were placet^fn 



4 ELECTROLYTIC IONS AND ELECTRONS 


series in a single circuit, it is necessary to 
admit that all univalent atoms possess a 
charge equal in absolute value to that of the 
sodium or of the chlorine ion : that all atoms 
which possess twice this charge behave as 
bivalent, etc. The following example will 
make this point clear. If a current is passed 
through a solutirm of the cliloiide of copper 
the molecules of which contain two atom.s of 
oOpper (univalcnt'l and two of chlorine, and 
also through a solution of the other chloride, 
the molecules of whioii contain one atom of 
copper (bivalent) and two of chlorine, there 
will collect on the cathode of the first solu- 


tion a quantity of copper double that on the 
second cathode, although, naturally, the quan- 
tity of positive electricity transported througli 
the two liquids will have been the same. 

In i88i the illustrious Helmholtz pointed 


out that the laws of electrolysis suggest the 
idea that the efectric /charge pertaining tjft 
«hy valeiicy of an ion may be a fixed quai^ 
tity having a separate* existence; and, siMt 
a rasiteriaHatom is a fixed and determ teM 
P22^1on of a certain Icind of matter 
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considered indivisible, it is thus natural to 
consider this electric charge as fixed and in- 
divisible. all the more because a quantity of 
electricity smaller than this is never encoun- 
tered. The charge of the ion (univalent) 
may therefore be called an atom of electric- 
ity, or better, as Mr. Stoney has proposed, 
an electron {electric ion). 

In fact, as early as 1871, considerably in 
advance of Helmholtz, Weber conceived the 
idea of the atomic structure of electricity. 
'I'his famous physicist and mathematician 
proposed the well-known theo|y, according 
to which electric phenomena are due to par- 
ticles or atoms of positive and negative elec-* 
tricity acting on each other at a distance, 
with forces depending, not only upon the 
distance itself, but also on the velocity of the 
particles and on their accelerations ; that is, 
on the manner in which these velocities vary. 
Naturally this theory in jiifhich action at a 
distance was still admitted has nothing in' 
fej^mon with that novif in favour except the 
rfuB^mental concept of the electric a|om ; 
^a’&Ithough Weber, searching in his theory 
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for the cause of the forces which govern the 
atoniic structure of bodies, advanced the 
hypothesis “that to every ponderable atom 
there is united an electric atom ” (i), the re- 
lation now admitted between ions and elec- 
trons seems to have been better perceived 
by Helmholtz. 

We do not believe that the atomic hy- 
pothesis concerning the nature of electricity 
imposes on us the necessity of considering it 
as matter, since we are still free to suppose 
than an electron may be simply a special 
localized condition of the universal ether. 
We may, on the contrary, from now on add 
l^iat instead of considering electricity as 
matter, we are led to the exactly opposite 
hypothesis that the atoms of various bodies 
are systems of electrons. 

When the ions arrive on the -electrodes 
and become neutral atoms, the electrons en- 
ter into the fcircuit to constitute the flectric 
current Now it seems natural to suppose 
that these electrons, instead of merging, so 
to speak, into a homogeneous whole (the 
old electric fluid), preserve their individu^- 
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ity; thi$ is all the more natural because, if 
they are to pass from one atom to another, 
.it is mok probable that they must exist mo- 
mentarily isolated ; thus the electric current 
in conductors would be nothing else than a 
motion of free electrons across interatomic- 
space. It remains undctennined whether 
the current corisists in the motion of posi- 
tive electi'ons in one direction and negative 
in the opposite direction, or in ihe motion in 
a given direction of one of the two kinds of 
electrons, say the negative; but preference 
is given to the latter opinion, because, while 
there is reason to hold that the negative 
electrons may exist in a free state, this is nob 
true of the positive electrons. Only the 
former, as it appears, suffer displacement, 
separate themselves from ponderable matter 
or unite with one another, and vibrate in 
light sources, as wc shall soon see. There- 
fore, while a negative ion in being deposited 
on the anode gives up its electron, a positive 
ion arriving at the cathode does not give up 
the positive electron, but takes away a nega- 
tive electron from the cathode itself,' 
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Here, then, is’ the old theory of the electric 
fluid in certain sense called back to life, 
but profoundly modified. It is no longer 
a question of a continuous fluid, but of 
special atoms (the electrons), which, however, 
as has already been observed, are not neces- 
sarily to be considered as material in, the 
ordinary sense of the word. 

Besides, and this is of more importance, 
we do not attribute to the atoms of electricity 
that mysterious faculty of acting at a dis- 
tance, with which the old fluid was supposed 
to.be endowed, but instead we suppose that 
the reciprocal forces between the electrons 
have their origin in the special • elastic 
deformations of the ether, Mentical with 
those called for in Maxwell’s theory to take 
account of the electric forces between, 
conductors. 

' To explain the phenomena of electrolysis 
it is sufficient to admit, as is always done, 
the hypothesis of electrolytic dissociation; 
but this hypothesis is not well adapted to 
explain the ^pagation of electricity in 
gaiM«^d certain other phenomena. How- 
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ever, issith the admission of electric dissocia- 
tion, — f that is, the separation of the negative 
electrons from the neutral atoms, — we assign 
a reason both for electrolysis and for these 
other phenomena as well. 

In order that a negative electron may 
separate itself from a neutral atom, energy 
^ust be expended to overcome the attrac- 
tion by which the electron is held to the 
positive ion, which is what remains of the 
atom when the negative electron is taken 
from it, precisely as it is necessary to fur- 
nish heat energy to separate the molecules 
of a liquid from one another in evaporation, 
or as it is necessary to do mechanical work 
in lifting a weight from the earth. 

The energy necessary to ionize oi dissoci- 
ate an atom naturally varies according to its 
"Chemical nature. Experiment indicates that 
this energy is a minimum for the so-called 
electropositive bodies, such as the metals, 
and gradually becomes greater as we pro- 
ceed t^ard the more electronegative bodies, 
which; moreover, may eveii take on neyr 
negative electrons. This energy d<^piTids 
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also upon the nature and on the condition 
of the atoms surrounding the one which 
is about to break up into an electron and 
a positive ion ; it is extremely small for 
bodies in aqueous solution. 

This being so, electrolytic dissociation, or 
the separation of a molecule into two ions, ~ 
for example, sodium chloride into a positive 
ion of sodium and a negative ibn of chlorine, 
— should be considered to be a consequence 
of the dissociation of the metallic atom. 
This atom breaks up into a T^siiive ion of 
sodium and into a negative electron, v^hich 
is seized by the chlorine atom, transfoiming 
the' latter into a nogatixe ion. Once wc 
adopt this mode of consiclciing eiectro^jtic 
dissociation, it, with all its very important 
coi|sequences, enters into the more general 
electron theory,, 



CHAPTER II 


T^E ELECTRONS AND THE PHENOMENA 
OF LIGHT 

While the hypothesis of the electrons 
springs in such H natural manner from elec- 
trolytic phenomena, it is in an entirely differ* 
ent field of physics, namely, that of optics, 
that it finds an unexpected and brilliant con- 
firmation. 

It is a fa"ct, now iTCOgnized by all, that 
light IS a vibratory phenomenon, and may no 
longer be consideied to be due to the emis- 
sion of discrete corpuscles by luminous 
bodies, as Newton supposed. In support of 
this mapy beautiful and classic expcrimciits 
exist, with which the names of Young, 
Fresnel, and of Foucault are connected. 
And when we speak of light, we necessarily 
include radiant heat, because since the cele- 
brated researches of Melloni there can exist 
no doubt concerning the identity of the 
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nature of these phenomena, which appear to 
be so different. , 

But the undulatory theory demands a 
medium capable of propagating the waves; 
from this arises the necessity of admitting 
the existence of the ether ; that is, of a sub- 
stance distributed everywhere throughout 
interplanetary and interstellar space and 
throughout interatomic space as well. The 
hypothesis of the ether forces itself on us in 
an irresistible manner, and almost seems to 
acquire the character of rea^y and certitude, , 
when we consider the perfectly with which 
the undulatory hypothesis takef ac9C»8at of 
all optical phenomena even quantitatively 
and in the minutest detail. 

Following the example of Fresnel, light 
vibrations were considered for a long while 
to be true mechanical vibrations of the 
ethereal and material particles, but later it 
was recognized, especially in consequence of 
the work of Maxwell, that light waves could 
be ccmsidered as electromagnetic waves; 
thus two distinct classes of phys|pal phe- 
nomena were united. The electroioagnftic 
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theory # Hgjit has received in recent years 
a material support from the well-known ex- 
periments of Hertz and later from those of 
other physicists ; and at present there is per- 
haps no one who will refuse to admit that 
the phenomena of light are in reality electro- 
''uagnetic phenomena, and that light waves 
differ from those which Hertz has shown 
how to produce, only in so fat. as 'numerical 
values are concerned. 

However, tte electromagnetic theory of 
light, derived aFit is from the properties of 
the elcctro^llagnetic field, does not serve fo 
expt^ tho.se phenomena to take account of 
which it was necessary, under the old me- 
chanical theory, to resort to an action of pon- 
derable matter oj) the ether. To complete 
the theory accepted at present, it was there- 
fore necessary to take account, in some 
manner, of the material atoms; and the 
Dutch physicist, Loren tz, had the fortunate 
idea of considering tha* electric charges of 
the J^oms together with the atoms them- 
selv^^ If merely the negative or merely 
the pciitive charges ta|:e part in the light 
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vibrations, and if both the Metric and mag- 
netic forces generated by their motion be 
taken into account, one^mves at an clcrtro- 
magnetir theoryi^if light capable of explain- 
ing even those phenon^ena^ which eluded the 
theory based simply on the fermulce of 
Maxwell or of Hertz. 

Let us here consider a most interesting^ 
phenomenon discovered by Zeeman, a former 
pupil of Lorentz, because it is one of those 
by W'hich the relnti\c ind(q)endenr(‘ oi the 
negative electrons and their characteristic 
freedom motion is most clearly demon- 
stmted. 

It is a welhknovrn fact that a hffetinous 
gas emits radi^ions of definite periods of 
vibration, and not those corresponding to a 
continuous series of intermediate periods. 
As a result the spectrum of the light emitted 
by the gas reduces to a fonited number of 
narrow lines, .which are the images of the 
slit through which the light is passed 4n 
Older to analyze it with the prism. Fqr ex- 
'Jllll^^the spectrum of the light em^d by 
scidfeim in the gaseous state consists ‘of two 
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yellow lines very^ar each other, which with 
low-pow<i^ spectroscopes appear blended into 
a single line. Now Zeeman showed that if 
a gas is placed in ai> .inten^ magnetic field, 
say between the poles of a powerful electro- 
magnet, each simple line of its spectrum is 
in general bmken up into a group of new 
lines. 

There are two important cases to be con- 
sidered: First, that in which the luminous 
ray which we are considering is parallel to 
the lines of magnetic forc(*; second, that in 
which the ray is perpendicular to the lines of 
force. The general case is natuially a trifle 
compliisiited, and for its tr^tment I refer the 
reader to original articles on tins subject (2), 

Let us suppose tliat we have *a luminous 
gas between the two opposite magnetic poles ; 
for example, vapour of cadmium obtained by 
passing electric sj^rks between two wires of 
»that metal. If we examine the light which 
k^ropagated in the direction of the Jines of 
force {Case I)> that is, from one pole toward 
the other, we easily ascertain that, while 
green line of the spectrum of cadmium 
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p^rs sharp and simple as in A (Fig. i) be- 
fOTe the magnetic field is set uja, the instant 
the field is created the line A vanishes, and 
instead of it there appeaf two new lines, B 
and C, one on either side of the position A\ 


% 


CD 

/ c 



i 
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which the single line at fii'st occupied, and at 
€qual distances from it. 

If we examine with the spectroscope a ray 
of light in the equatorial direction (Case^I), 
that perpendicular to the direction of the 
magnetic field, the single line, A (Fig. 2), is 
replaced by three lines, C, A', B, of which 
the one in the middle, equidistant from 
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the other two, occupies the position of the 
original Ime. 

In the case of other spectrum lines, either 
the phenomena ar€ ’ identical with those 
which are exhibited by the green cadrriium 


A 



tiG a. 


line, or slightly more complicated effects 
are obtained. Thus, for example, of the 
two sodium lines, the one usually called 
is transformed in the second case into four 
lines, A, B, Q D (Fig. 3), while the line A 
changes into a group of sL^ lines (Fig. 4), 

A, B, C A A F. 

Complete explanation of these phenomena, 
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at any rate in the Mast complicated cases, is 
furnished by Lorentz’s theory ; but for our 
purpose it will be suffiSent to treat the 
single case, to' which Figure i refers, of light 
emitted by the^apour of cadmium in the 
direction of the lines of force. 


Dt 



Fig. 3. 


, Let US consider an electrified p|i^cle 
which, attracted toward a position of equi- 
librium, O (Fig. 5), vibrates about this point 
with circular motion, describing a circumfer- 
ence of radius OA, The vibrating electri- 
fied particle generates light waves. Suppose 
we stil4y the light which is propagated in 
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the direction perpendicular to the plane of 
the circumference. If a magnetic force acts 

O2 


- 

If 

A_5-_£- 

D E r 


Fig. 4. 

in this direction, there exists at every instant 
an electromagnetic force analogous to that 
which would act on a short portion of an 
electric current coin- 
cidilig in direction with 
the velocity of the 
particle. This force, 
therefore, will be di- 
rected along the radius 
OA, passing through 
the moving particle, 
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aind will act, as the case may be, either 
from A toward O, or in the opposite direc- 
tion. The effect of this new force, which 
augments or diminishes the force which 
maintains the particle in its orbit, is to vary 
its vibratory period, — that is, the time re- 
quired for the particle to describe the cir- 
cumfereifee, — just as a change in the 
intensity of the force of gravity has the 
effect of varying the period of oscillation 
of a pendulum. 

From the effect produced by a magnetic 
field on # circular vibration we may easily 
pass to that produced on any vibration 
whatsoever by a consideration, like the fol- 
lowing: — 

Light vibrations are perfectly well under- 
stood, They follow the sape laws as do the 
small oscillations of a pei]^|ilum, and are, in 

f eneral, elliptical; in special c^es they majr 
e rectilinear or circular; they are always 
transverse, that is, they lie in the plane 
perpendicular to the light ray. Now it may 
be shown that every elliptical vibration is 
kinematically equivalent to the resultant of 
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two circular vibrations of opposite directions 
of rolutioii, the one right-handed (motion in 
the same sense as that 
of tlie hands of a 
watch), tire other left- 
handed ; and in ad- 
dition the circular 
vibration which has the 
same direction of rota- 
tion as the ellipse EF 
(Fig. 6), namely AB, 
has a diameter equal 
to half the sum of the axes of 'the ellipse, 
while the other circular vibration, CD, has 
a diameter equg|]l to half the difference of 
the same axes.‘ ‘’*If rve do not wish to have 

^Em|)lo}mg the usual symbol^ the elHptical vibration, 

referred to its axes, may be represented by means of its rec- 
tangular components 

ar 5= ^ y^h cos f?. 

This is evidently equivalent to the revsultant of two circuh^yi* 
brations^^onc of f^hich is right-haiided like the given ellipse,, 
and has the components 

r=l±isinfl, ^=,l±^cos^, 

3 ’ - I 

) 'ir, ' ' ' '‘5'^- 

the other blefb^handed and has the components 

jrssSL:^ ^ £11^ cos ; 
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recourse tdf mathematical demonstration, 
we may convince ourselves of the proof of 
this statement by employing a special piece 
of apparatus which serves, among ot^er pur« 



poses; that of effecting the composition of two 
pendular vibrations of cjrculaa: character (3). 

Two pendulums*' (Fig. f) are' suspended 
from two fbiili points, which for the sake df 
slmplidty ate not represented in the figuft^e. 
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placfed ‘one above the other on the same 
y ertic al line. One of the pendulums con- 
sists simply of a wire carrying at its lower 
end a %tiavy ring and a funnel, A, filled with 
sandflThe lower part of the other consists of 
a platform BC, situatfid below Ay which car- 
ries on one of its *si3es a second funneh 
also filled with sand. The length of the 
first pendulum may be varied at will, but 
for the experiment with which we have to 
deal this length ITiou^ be such that the 
two pendulums have the same .period of 
vibration. A simple electric device controls 
the openings of the funnels and tljas pre- 
vents or allows the flow of sand. 

At first let us suppose the pendulum BC 
to be fixed while we impart a circular motion 
to A ; it is easy to ascertain whether or not 
this motion be circular from the^trace left by 
the sand on the platform BC, Let us then 
impart a circular motion to the pendulum 
BC as well, but opposite to 

that of the first ; perLdufum ; „we inay^^. 
ascertain if we succeed in lining this by 
observing the trace left by the sand ftom the 
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funnel D on the plane of support If, now 
that the* two pendulums are vibrating, we 
allow the sand to run out of the funnel A, 
it will form an elliptical trace oi|‘ithe plat- 
form BC. This ellipse becomes a straight 
line if the two component circular vibrations 
have equal diameters. We can thus con- 
vince ourselves of the truth of the statement 
made, and in addition w’e learn that, when 
the two component circular vibrations of op- 
posite rotation have equal amplitudes, the 
resulting vibration is rectilinear. 

Returning now to the case of the particle 
vibrating in a magnetic field, it in general 
executes an elliptical vibration, for which we 
conceive the two equivalent circular 
vibrations to be substituted, i^iit these last 
are of opposite sign of rotation; if one of 
them is accelerated by the magnetic field, 
the other must be retarded. As soon as 
their periods cease to be equal, they can no 
longer capse a single spectrum line, but 
cause instead two new lines situated on 
either side of the single primitive line. This 
explanation, furnished by L.(^ntz’s theory 
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to explain the experiment of Zeeman, was 
proved correct by this able experimenter in 
a series of new experiments, which showed 
that the tiyo new lines were in fact due to 
circular vibrations, one right-handed and the 
other left-handed. 

Suitable qualitative and quantitativ^e ex- 
periments made it possible to deduce two 
very interesting results from the Zeeman 
phenomenon. On investigating which of 
the two new "lines was due, lor a given 
direction of the magnetic field, to the right- 
handed vibrations and which to the left- 
handed, the sign of the charge of the 
vibrating particles could be determined, and 
it was recognized that, in order to make the 
observed facts^ccord with their explanation, 
it was necessary to admit that these particles 
possessed -a negative rather than a positive 
charge. In the second place, it was possible 
to obtain an approximate evaluation of the 
ratio of the electric charge of the vibrating 
particle to its mass. The result to which 
this led was, that this ratio is more than a 
thousand times greater than that which re- 
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* i' 

lates to the atom of hydrogen in electrolysis, 
and hence still greater than tijat pertaining 
to the atoms of other substances. 

This result may^be interpreted in several 
ways, the more important of which aifthe 
following : either the vibrating particlefS are 
ions, and the charge of each is more than 
one thousand times as great as that which 
pertains to each valency in electrolysis; or 
the vibrating particles have a charge equal 
to that of the electrolytic ions, and their 
mass is less than one-thousandth as great as 
that of an ion M hydrogen. • The second 
interpretation is naturally the one accepted, 
and the vibrating particles are considered to 
be free electrons. These therefore possess, 
cir at least there is united with them, a small 
tnaterial mass; but we shall see that this 
same ma|s probably has an electromagnetic 
cause, jiijii anjyrate, this result is corrobo- 
rated l^lhos^^ich ar^r^ched in other 
waysH' as will be shown later. " 

Lorentz’s theory receives, therefore, a splen- 
did Oonfinnationtht^ the experiments of 
Zeeman; and hence it may be retained, that 
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the structure of the material atoms is such 
as to pcmiit the negative el^trons, which 
form a pilrt of them» to vibrate freely, while 
the positive part remains*! relatively fixed, 
conceive a neutral atom to consist 
of oi|P^|»Ortion which in the aggregate has a 
positive charge, and of one or more negative 
electrons, which move about it like the sat- 
ellites about a planet, held in their orbits by 
the electric foice. 

The so-called oscillators, or the apparatus 
used to geneiate electromagiu^tic waves have 
recently come into considerable prominence. 
One of the possible but impractical fottns 
consists of an electrified body executing vi- 
brator}" motion ; for example, one driven by 
a sonorous body in vibration* Now if one 
imagines the electrified parliele to be replaced 
by a simple electron, and if one supposes tbe 
period of vibration to be so small tliat it 
would be express^ by 
numerate is unity ^and denominator 

is a number pf fifteen placesf then tl^ts 
electron would generate ordinary light waves 
instead of Hertziaii electromagnetic 



CHAPTER III 

NATURE OF THE CATHODE RAYS (4) 

The phenomena on which we shall now 
touch show the negative electrons in the act 
of undergoing very rapid ^rnot ions of transla- 
tion instead of* the vibratory motions w^hich 
we have considered in the preceding chapter^ 
Hence they present themselves under condi- 
tions favorable lor a closer study, and thus, 
by modifying their motion in various ways, 
new and interesting effects may be produced. 
But for the sake of clearness it wdll be well 
first to state the principal characteristics of 
electric discharges in rarefied gases. 

Let US consider a glass tube, AC (Fig. 8),* 
through the end walls of which are fused two 
platinurfi wires terminating in aluminium elec- 
trodes, C. , If the ai^ressure in the tube 
is somfewhat less than that of the atmosphere, 
—for example, eight or ten millimeters of 
— and if an ^ectric is 

a 
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caused to pass from one electrode to the other, 
instead of the well-known loud and brilliant 
spark is formed in the open air, A||||ar- 
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act^ristic luminous phenomenon is obtained, 
in which two regions are distinguishable : the 
positive luminous column, a sort of ill-defined, 
rose-coloured spark having a blurred contour 
which reaches from the anode up to within a 
short distance of the cathode ; and the nega- 
tive column, or negative glow, violet in colour 
and contiguous with the cathode. Between 
these two luminous regions there *is an inter- 
val called the Faraday dark space. 

If now the pressure of the air is diminished, 
the luminous character changes. We will con- 
cern ounselves with the negative light with- 
out considering further the positive column 
which, with increasing rarefaction, gradually 
diminishes both in size and in luminous in- 
tensity, often subdividing into distinct regions 
separated by relatively dark intervals (striated 
discharge). At first the negative light ex- 
tends over the entire cathode, as at C, in 
case 'initially it only covered the extremity; 
but later, with still further rarefaction, it ex- 
tends all around to greater and greater dis- 
taKiices, detaching itself at the same time from 
•< thi^lPectro^e, as at C. In the meantime a 
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' nefw luminous stratum forms in contact with 
the electrode, and thus the negative light is 
divided into two parts; namely, the _^rs/ 
negative lolumn^ adhering to the cathode, 
and the second negative column^ or nega- 
tive glow separated from each other by a 
relatively dark region w'hich, to distinguish 
it from the Faraday dark space, is called the 
cathode darh space. Continuing the rare- 
faction still further, the two luminous nega- 
tive columns extend farther and farther out, 
becoming continually less bright and sharp 
in outline (C'^, Fig. 8). The interval which 
separates them also becomes greater; and, 
when the highest rarefaction is obtained, that 
is to say when the air pressure is reduced to 
less than one-thousandth of a millimeter of 
mercury, almost every trace of luminosity in 
the gas disappears. 

But before this stage is reached a new 
phenomenon appears. At first the portion 
of the walls of the tube about the cathode, 
and later that in front of it. lumi- 

nous, diffusing a brilliant light, usually 
green, due to a species of phosphoresceHce, 
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or perhaps better of fluorescence, since this is 
the name given to the emission of light by 
fluorspar and certain other substances, which 
does not last appreciably after the cause 
which produced it has ceased. The cause 
of this phenomenon is to be sought in the 
cathode,, because, if an olsstacle is placed 
between il^ahd the wall, a veiy sharp shadow 
is thrown, as if the fluorescence were excited 
by invisible radiations sent out from the 
cathode. We will now turn our attention 
to these radiations, which are called Cathode 
Rays. 

They are propagated in straight lines and 
leave the cathode in a direction at right 
angles to its surface; heifce if, this has the 
form of a concave mirror, the cathode rays 
converge practically to the centre of curva- 
ture. When concentrated in this manner 
their singular properties become more evi- 
dent, as Sir William Crookes has shown in 
a very brilliant and suggestive manner witii 
the ^ of elderly devised apparatus. 

, The principal properties of the cathode 
rays’ are the following : they excite phospho- 
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rescence not only in glass, as we have seen, 
but in a large number of other bodies, includ- 
ing those which phosphoresce under the ac- 
tion of light. The cathode rays heat bodies 
which they strike and tend to move them as 
if the impact were mechanical. It is pos- 
sible, however, that this mechanical action 
may be, at least in a large part, a simple con- 
sequence of the preceding effect. Finally, 
bodies struck by cathode rays become sources 
of new radiations ; namely, the famous X-rays 
discovered by Professor Rontgen. In order 
to explain all these phenomena, Crookes 
brought forward his hypothesis of radiant 
matter. 

As early as 1816 the celebrated Faraday (5) 
pointed out the possibility of a fourtlr state 
of matter, as a consequence of a hypothetical 
transformation which transcends evaporation 
by a^/^uch as evaporation transcends the 
fluid state ; or, he expressed his thought still 
better by saying that he looked forward with 
the greatest impatience to the discovery of 
a new state of the chemical elements. He 
stiggestm further, and this has an fe^pecial ■ 

D 
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i||^ferest with referen^ to the theory with 
which we are now occupied, that the decom- 
position .of the metals, their recomposition 
and the realization of the formerly absurd 
idea of tra|jSmutation, were problems which 
chemistrjs, one day must 'solve. ^ 

According to Crookes, when the electric 
discharge takes place in a highly rarefied 
gas, vei;;y minute negatively elecirified mate- 
rial particles are projected from the cathode 
and, forming a fourth state of matter tran- 
scending the gaseous state, produce the ob- 
served effects as a result of their collisions: 
moreover, the trajectories of these pajticles 
constifc^e the cathode raj’s. It was later 
thought that the particles were the actual 


atoms of: t|ie residue which on account 
of its %ctreinife rarefaction presented such 
nevr properties, as were brought to ligltt by 
the rotation of the vaneS^ Crook^ 
radiometer. 


Bul viSome people,? among whom was the 
illustrious Heitz, preferred to consider the 
cathode rays #• an undulatoiy phenomenon 
iimilar to light, ha,Ving ita.prigin at%he s%- 
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face of tl|e cathode' and its seat in the ether. 
However^ this opinion |iad very soon to be 
given up on account of subsequent experi- 
ments. Thus, while many physicists, notably 
J. J. Th<|mson (6) in England," to whom we 
owe so much of the present electron theory, 
and Q. IVJaiorana (7) in Italy, were finding 
out that the velocity ot the cathode rays is 
noticeably less than that of light, J. Perrin (8) 
was making it evident that the cathode 
rays produce a transport of negative electric- 
ity. This last effect may be obtained 
even when the rays have passed through a 
thin metallic plate, as was later ^s^own by 
Lenard (9). 

Perrin’s expelfment may be made with a dis- 
charge tube similar to that shown in Figure 9. 
The cathode consists of an aluminium disk, 
and#^^. anode AMDE is a cylindrical box 
wkj^i&cular openings at the centre of 
the bases. This box is in connection with 
the earth, and contains the» conductor E, 
which is connected to an el^ictroscope. The 
conductor E usually has the forlli of a hoi-, 
low cylinder with an opening turned toward 
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thsy: in the base, DE, of the andiJel A nega- 
tive charge collects on the conductor /^when 
the discharge enters the tube. Evidently 
this can only be due to a transport of charge 
effected by the cathode rays. Moreover, at 
the approach of a magnet, the action of 
which, as' we shall see, is to make the cathode 
rays assume a curved path, the rays cease to 


9. 

ilier tie cylinder AD andl|||i se a luminous 
spot to appeah^ ore the.; fjasc DE, which for 
this pUnfppse is usualij? coated with a phos- 
phorescent .substance. Now just as soon as 
the; conductor ceases to receive the. rays, 
it, in tuffijict^es,, to receive electricity. 

' . Naturally the ^covery of these factsSur- 
nished the strongest support for Crookes’ 
theory. But countless recent experiments 
due;^ to j^any physicists have led to a slight 
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modificatioO, and a better statement of the 
original hypothesis and to the admission that 
the particles, which in their rapid motion 
constitute the cathode rays, can be nothing 
but the negative electrons themselves. This 
oj>inion, at present held by all, rests princi- 
pally on the following facts wljich have been 
accurately verified, and with which we shall 
concern ourselves in detail a little later. In 
the first place, the cathode rays always have 
identical properties whatever ma3^be the 
rarefied gas in which they are formed, and 
whatever may be the nature of the cathode; 
in the second place, the moving' negative 
particles all possess 4ha^^* same small mass , 
less than on^i|j^usandth that of a '■hydre^n 
atom which is encoAlSW*6d, as we haje seen, 
in the study of the‘*^eman effect, aiid which 
is deduced from the results of various other 
phenomena as well. 

Cathode rays may alsft 1^ produced with- 
out having recourse to the electric disj^^^rge. 
Thus, for example, a tody exposed to the 
action of light, or better of ultraviolet rays, 
emits electrons. Unless the surrounding 
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gas is extremely rarefied they unite with 
nentral atoms and form negative ions; but 
if the gas is almost entireljji^lDemovedj the 
electroii'5 remain fiee, and On leaving the 
body foim true cathode rays (lo), which in 
gc#lfcral possess a velocity less than that 
which they have in discharge tubes. This 
velocity decreases as the negative potential 
of the illuminated body is diminisfited. 

Also in the case of the cathode ray^ the 
mass of the electron was not separately de- 
termined, but rather the ratio between the 
electric charge of any electron and its mass. 
Such a determination as this is based on the 
effects produced on tlift cathode rays by elec- 
tric or magnetic forces, and these effects are 
in good accord with the accepted hypothesis. 
In fact, it is clear that when an electric force 
acts .V on negative particles in motion, they 
'should deviate from their ordinary rectilinear 
patl|^ an^^^fice an electrified particle in 
p<||on shoilJid behave in a manner analo- 
gous to a cu^nt,'^ more accurately to an 
of '.tMlcnt, it follows that the par- 
should deviate from its on^nary 
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path whcti it is exposed to the action of a 
magnetic: fielcfe' But we shall consider such 
phenpmetDa the measurements x-ehitiiig 
to thfem ^ little farther on. 



CHAi^tER IV 

THl IONS IN GASES AND IN SOLIDS 

In electrolytes the elcctrons-are joined to 
the neutral atoms to form free ions, and the 
motion of these ions is what constitutes the 
electric current. At present the c)V)inion is 
held that the same thing happens in gases; 
namely, tl^at when a gas possesses electric 
conductivity, it v^owes it to the presence of 
ions, and to their motion under the action 
of electric forces. The hypdthesis of the 
ionization of guises, which, foi; "X long time, 
wis held by very few, is now generally 
admitted in consequence of the uuinerous 
experiments made in recent years. 

We , are, .then, of the opinion that a gas 
contains ffee iom, .oTheSe are ordinarily 
present |nw such a sniiili number that the 
revolting conductivity^ * i^ vety^ small. But 
there are circumsta^nc^;^ in whiojj, by the 
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action of appropriate j^xternal ' ti^prgy, the 
gas is ‘^ized; that "is to say, many of its 
atoms Jji^ken up into positive ions and 
negativi^lectrons. If the gas is not suf- 
ficiently rarefied, the electrons unite with 
the neutral atoms and form negative ions. 
Moreover, certain facts seem to indicate that 
atoms or neutral molecules can unite with 
ions to form groups which, while having the 
usual charge of the ions, posset masses 
much greater than. .those which can pertain 
to a simple ion. 

The most natural explansitibtt of the 
known facts, and in particular of those 
about to be mentioned, is that the electrical 
conductivity Of gases is due to the presence 
of electrified pititticies w'hich are free to ^ove 
between its molecules. , 

An ionized gas loses its conductivity 
when passed through minute interstices, say 
through a mass of glass wool, or through 
long and fine llietapc tubes, or is nfide to 
bu bble through a 'Conducting * liquid ' (n ), 
which, however, should not contain any 
radio-active substancfe^ The same result fs 
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obtainec3Lif the gas is made to pass between 
two oppositely electrified conductors in such 
a W'ay tlut it may serve as a col^ductor for 
the tmVrent. In the first case, the phenome- 
non is explained by the attraction exerted on 
t]Ke ions by the bodies near which they pass ; 
in the second <2^0, the two conductors 
attract and hold the ions which carry a 
charge opposite in sign to their own and so 
remove them from the gas. 

The manner in which an ioni/ed gas be- 
haves when it is carrying an electric cui- 
rent is also in perfect accord with the 
accepted hypothesis. Let us suppose that 
we have, for example, two parallel metallic 
disks, ope of which communicates with the 
insulated pole of a battery, and the other 
with an electrometer. If we ionize the air 
between the disks by passing Rontgen rays 
through it, and if we vary the value of the 
potential furnished hf the battery, we find 
that the gas fails to follow the well^^known 
law of Ohm, which holds for constant -elec- 
tric currefSJs, and according to which the 
intefisity of the ^Sfrent in a conductor in- 
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creases in proportion to the difference o£ 
potential, between its ends. In fact, the 
intensity! the * current measured by the 
charge, which is acquired in a given time by 
the disk in communication with the elec- 
trometer, increases considerably less rapidly 
than the potential. The intensity even 
finally assumes a limiting value which does 
not increase as the potential of the battery is 
raised. When the current has attained this 
value, called the saiuraiion value, all the 
ions generated in a given time by the Ront- 
gen rays (or in general produced by what- 
ever source of ioniaiation is employed) are 
utilized in transmitting the current in this 
same time. An increase in potential is of 
no effect, as there are not a greater number 
of ions tb be disposed of. 

Moreover, a cuiaous phenomenon met 
with by the writer (12), and which was 
confirmed and rightl/ interpreted by J. J. 
Thomson and E. Rutherford, is obviously 
explained by the accepted theory. The phe- 
nomenon is the following: if the distance 
between the two metalHb' disks considered; 
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above is vari^^the intensity of the ipurrent 
which travdfWsf f he ionized air between them 
varies ast'well, bht ip, a*^^i^ner contrary to 
that-vfeit^ one would siij^|«)se. In fact, the 
intensity of the current increases, within 
certain limits, with jah fncrease of the dis- 
tance. This is eai^y explained when we 
reflect that with an increase in the distance 
between the plates there is an increase in 
the amount of air in which the phenomenon 
takes place, and in consequence also in the 
number of io«|, which, by their motion, con- 
stitute the saturation current. 

The ions in gas^ move around between 
the molecules, frequently colliding with 
them, r^few ions may form by the breaking 
up of ueipral mc9ecules,^nd ions of opposite 
sign may recombine molecules. This 
last action, n^ely, the ^disappeat;ance of 
ionsr is continwlly taking place,, and it is 
becaiKe <M this that the number of ions does 
not increase beyond a certain limit under 
the aiftion of an ionizing catee. 

if the ions are generated in a single region 
of the gas, they diffuse into the remaining 
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portion. ^ In'^gases under ordinary pressure 
the velodity of diffusion is uSiiall^ extremely 
small because <4 collisions ; but if 

an electrjc field the^eiocity o|*<llfEusipn 
becomes large ; the first time .that a measure- 
ment of this kind wa^rnade (13) the velocity 
was found to be se^ral decimeters per 
second.- ‘ 

Ultraviolet rays, cathode rays, Rontgen 
rays, rays emitted by radio-active sulistances, 
heating to a relatively higfi temperature, are 
all causes of ionization. greater or 

less according to circumstances, and is limited, 
as has already been mentioneid*^by a continual 
recomposition of atdfns and'- neutral mole- 
cules. 

But there exists stillij., ai 30 tl^li: cause of 
ionization, to reality some of the 

above causes reduce ,** this is the collision of 
the ions ^nd, in fact, of th#electrpns as ‘well, 
since protiably some of these exi^t, at Beast 
momentarily, in the free state in gas under 
ordinary prei<|aire)* with the atoms and mole- 
cules. When an ion possesses a sufficiently 
high velocity, it can furnish the energy neces? 
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tra^!^n an atom^l^to a positive 
a electron, and hence alfo 

to transforn^ftniolecule into two ionsl^ 
oi^Osj^jMgn. tak£ up these 

the ultra- 

violel> Hliy^^doBia^ a gas in two diffeient 
ways. ^ solid or h<loid body, 

they aife^Tni^on.of negative elec- 

trons ^w^ch^resuks in the rapid discharge of 
the body, if it w^as negatively electrified, and 
even the||?tt^Pfen on it of a positive chaige, 
as has be*®i^eni<>nj>iBa^ed by tin. ^ liter (14). 
Ordinarily 4 ^^g)jj|^ii|ient-js performed with 
metals, became gather weak 

with liquids, arid AolM ^as^alors aie not so 
well adapted to jtj^antitl^e determinations. 
As a sppfce oi active the invisible 

ultraviolet rays emitted by an arc light or 
by an electric spark are employed, although 
certain bodies, such as the alkaline metals 
an4 amalgamated zme, give a ma^d effect 
evep with visible- radiations. No# if the 
eleCtHc field •j^ermined by the negative 
chawe of the body is sufficieii^y intense, 
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the neg3|ive ^ctrons whkagejemitt^inay 
acquire ^ velocity great iohfjP the 

|||titral by itnp^t, 

■ But dirgctijy ^ '’^jttfengi’ble 

ultravioleCTwIeitW^, 

spark. cawse'Hkwaizatio^^^-.'*'^^' ga4Ahro»gli 
which they pasfe, as wa^j- de^uor^pated by 
Lenard (ig), who allowecKJ^^rad^tjons from 
a spark formed be<Mw^i:^altti^H|^ wires 
to fall on electrified bod^^" became 

^ 4 « 

discharged with about tne same rapidity 
whether they were char^ld^positn el)' or 
negatively and wloa^vtr t®«^ture and 
condition of their could 

not be attributed||l ffl|^^ MKy action, but 
rather to an actron''OT mhss* of the air 
traversed by the^IfliiationS’; that is, to the 
ionization which tliey produced. An experi- 
ment whifth may be repeated also ivith other 
sources of ionization confirmed this explana- 
tion. It iixmsists in blowing the air frtmi the 
ffiace vrj^re it is ionized to another plaqe, 
wher^ as a result of the conductivity which 
it refalps for a certain tin^g, it brings about 
the dtichar^e of electrified bbdies. In order 
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to cause the ^ect to cease it is sufficient 
to intercept radiations. 

It onjy the more rapid ultra- 

violet ’’ produce direct ionization 
of gases ^,any isttaiimd degree. Indeed, the 
experimet^s desct&ed above do not succeed 
except when the' 'path traversed in the air 
by the legations is reduced to but a few 
centimeters, an^t. is a well-known fact that 
the most refrangible ultraviolet radiations 
are very rapdly absorbed by air at ordinary 
pressure. 

The cathode rays which are, as wc have 
seen, nothing' but^, negative electrons in 
moti^, ionize a. ga^ \s will be explained 
before long in some detail. 

With regard to the Rbntgen rays, which 
apparently are the manifestation of ether 
waves geneRited by the sudden variations 
in velocity of the electrons, the ionization 
of gases produced by them seems to be due 
Id a sudden electric impulse produced in the 
electrons (rf the gaseous atoms. 

Finally, 4 rfee in temperature, whkh is 
equivalent to an increase in atomic velocity 
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and apparently to an intcrease rai|ie velocity 
of the nej.|afive electrons as, Ww; nattily 
tends to the latter from th^r hnejS-^with 
the positive part of the .Silom. A^- red-hot 
metallic W're ionizes the gas in contact with 
jt, and gases in flames always aj:q)ea^ to be 
strongly ionized. 

In order that the molecul^of the gas may 
become ionized by the imJJalSt of those ions 
which already exist in it, it is generally neces- 
sary to expose the gas to the action of suffi- 
ciently intense electrical forcC^ In too 
weak a field, the ions, whjle thfey follow the 
electric force, do not acquire a sufficient 
velocity between one collision and the nist, 
and the effect of the collisions is to keep th^ 
velocity constantly at a low value, since natu- 
rally a part*of the energy of motion of the 
ions is given up to the molecules which have 
been struck. Under such circumstances the 
paths described by the ions cannot differ 
much from the lines of electric force, or, in 
other words, the ions must contiojually move 

^ _ 'll ‘v 

very nearly in the direction of the force which 
urges theifi. The so-called phenomena of 
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the electric shadow and -similar ones of which 
the^ reader will find a partial treatment in 
apl^er place (i6), are the immediate conse- 
cjuence of this. 

But if a sufficiently strong electric field 
acts on ti^gas, ionization by impact takes 
place, att*t is on this phehomenon that a 
satirfactory explanation of the complex and 
varied phenomena of the electric dischargers 
at present J|fanded. In order to take this 
matter up, we would be obliged to go beyond 
the limits assigned to this chapter; but in 
view of that which follows, it will be useful 
to call attention by way of an example, to 
the explanation which is given of the forma- 
tion of the two coltBnns of negative light and 
the dark space included between tl|em in the 
case of electric mscharge in highly rare- 
i|ed gases. 

^‘The phenomenon is started by the few 
i^ctrons existing in the gas, or -perhaps also 
J^y t^e. negative electrons expelled from the 
^thode. These electrons move with accel- 
erated motion and rapidly acquire a velocity 
sufficient to mak|,.them capable of iopizing 
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by impact the g^s molecules at some distance 
from the : cathode. This gives rise to the 
second negative column, or negative g^ow, 
mbich is thus a region of the gas whefe-lon- 
ization takes place. The electric force driv^- 
the positive ions created in this manneV 
toward the cathode, close to-tyhich they 
possess the velocity required, to. ionize the 
gas molecules. This causes the formation 
of the first column of negative^ ^lit. 

The electrons produced inVhis region 
move away from the cathode, and in this way 
the two regions of ionization furnish each 
other the necessary ions or electrons. The 
cathode dark space is thus simply the region 
traversed by the electrons constituting the 
cathode rays, and espedfelly by the positive 
ions whidh move tow5||d the cathode, before 
they hav%iicqfiired the velocity necessary to 
produce ionization. ' ' 

We will not concern ourselves furti^ 
with the negative electrons after they hafye 
arrived at the second negative column ; heny- 
everv it is of interest to us to know what te- 
comes of the positive ions after they arrive 
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at the '"Cathode. Some of theio naturally 
become neutralized by the negatj|!ie elec- 
trons ; but others, on account of their Velocity, 
which varies in direction as a result of coll||, 
sions, may bend around the cathode, or even 
pass through it, if it is provided with open- 
ings or canals, or if it i# made of wire gauze. 
Beyond the cathode the positive ions then 
constitute the posiiive or anode rays, analo- 
gous to^he cathode rays, and which are often 
called canal rays, the name given -them by 
Goldstein. 

An electric or a magnetic field causes a 
deviation of tlafi positive rays, but in the 
direction opposite to that which would be 
observed with cathode rays; it is precisely 
on account of this that the conclusion is 
reached, that these rays consist of positively 
electrified particles in motion. However, the 
d^T^iation is noticeably smaller for the posi- 
tiy^rays than for the cathode rays under 
simifar conditidns. From measurements of 
the deviation it may be shown that the par- 
ticles in motion do not possess a minute mass 
as in The case of the cathode rays, but a mass 
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comparable with of atoms or of electro- 
lytic In this case, therefore, we have 

to deaf not with positive electrons, but with 
ions and probably with groups of greater 
mass as welh 

If wc admit electric conductivity to be a 
plienonienon of corfvcction in gases as well 
as in liquids, the anak^gous hypothesis for 
solid conductors, already stated in Chapter I, 
becomes all the more natural. And, inas- 
much a,s it appears that only the negative 
electrons, and not the positive, can exist iso- 
lated, it is held tliat tlie electric current in a 
conductor consists, at least principally, in the 
motion of negative electrons. The experi- 
mental evidence that metals do nOrt offer an 
insurmountable obstacle to the motion of the 
electrons is furnished by their perviousness 
to the cathode rays. Without entering into 
details wc may add that this mode of consid- 
ering the current permits us to explain. fairly 
well various observed facts, as, for example, 
the proportionality between the thermal and 
electric conductivity of various bodies, an^ to 
explain such phenomena as those relative to 
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the optical properties of metals. Thus the 
electron tfeeory only finds no contradic- 
tion in pheiiomena " of this sort, but also 
shows itself able to furnish a simple explana- 
tion of them. 



CHAPTER V 


RADIO-ACTIVITY 

The discovery of the so-called X-rays by 
Professor Ronlgcu early in 1896 gave rise to 
numerous experiments relating to the>4>ossi- 
ble existence of other radiations capable of 
affecting photographic films and of passing 
through opaque bodies. Effects of this sort 
■were described by Le Bon; but we will not 
consider these, as it was recognised that the 
effects attributed by this exg^CfiiTientcr to a 
new radiatip#t|ithich he cabled *' black light ” 
proceeded, at Igast in nearly every case, from 
causes which™ have no intimate relation with 
the subject which we are now about to treat. 

Certain experiments w'hich have, on the 
other hand, a rdationship with radio-activitp 
were made by Henry {17) with phosphore^ 
cent sulphide of ?inc; by Niewenglowski(i8) 
with calcium sulpkide ; and 1 :^ Becquerel (19) 
ss 
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with double sulphate of uranium and potas- 
sium. The result of these experiments is 
that these substano^ jCmit^rays capable of 

« assipg through opaque bodies afid acting 
h a photographic film, whetti .|»hosphores- 
-jpence is excitqd in them by exposure to 
fight or to X-rayS. 

When Becquerel began his experimenta- 
tion, he had a special object in view. It was 
already kpown that the X-rays had their 
origin at that part,of the wall which is ren- 
dered luminescei^ ^her^ the cathode rays 
strike; it was colseQueh^ natural to sup- 
pose that phosphorescence ®nd^he emission 
of^ X-rays were related phendKha, though 
later it w^s recognized that shch is not the 
case. H. Becquef^’ therefcgfc'i^ished to de- 
termine whether bodies rfenderfed -^ospho- 
‘%8cej;it by, the action, not of cathOcie rays, 
but of light, would en^ X-rays. And since 
these fays can a photographic film 

jpven when it is surrounded by opaque ob- 
jects, th4, ,Fre|j(^‘,fphysjcist placed various 
bodies abo^ ^ film, protected in this man- 
jftet'from the and exposed the whole 
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to sunl^ht. After several unsuccessful- at- 
tempts, J'he obtained a marked effect .with 
crystalhke lamiaee of the double sulplisite of 
uraniunt and potassium, since on developing® 
the film he an image of the lamina; and 
the shadow of a silver Coin which had been ' 
placed below one of them. It seemed, there- 
fore, that the phenomenon he had predicted 
had really taken place. But Becquerel hap- 
pened also to obtain the Same effect with 
.poor illumination on a cloudy day, from 
which he suspected 'Hhat the ^ffect its^ did 
not depend on the Action of the light. And,'' 
in fact, he v ^ g soon proved (20) that tlm 
uranium salt ^ntinually and spontaneously 
emitted rays al^ to go^stlin^gh opaque 
bodies and t^^ On photographic films 
without necessity of its^ being exposed 
to the lighC‘v 

Further research shovw^fai) that tlw.*ays 
from the uranium salt 9 haref*^h the X-rays, 
not only the property of tmivdysing Opaque 
bodies, of acting on photogrs^ifc j^ms, of 
rendering phosphorescent bodies luminous, 
and, as was later shown, the hegatiye prop- ' 
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erty of not being susceptible of ‘teflection 
and refraction, and hence of polarization, but 
also another pibperty which w'as recognized 
shortly after the X-rays were di^overed (22); 
namely, that of ionizing gaffes- through 
which they pass. K method of studying 
the Becquerel rays, ;Which is more rapid 
than the photographic method, is based on 
this property; it consists in the ineasure- 
ment of the velocity with which an electri- 
fied body becomes discharged when the 
surroii»ding gas is exposed to the action of 
the rays. 

, For this purpose we may make use of any 
electrometer connected to a metallic disk 
placed at a short distance from a second disk; 
and we may experiment in iwp ways. Either 
the second disk is put in connection with the 
earth a*n 3 then one notes the rate of diminu- 
tion of an dlectrie^^ communicated to 
the electrometer when the air between the 
two disks is ionized by the radior^active body ; 
or the second-disk is' charged and the rapidify 
with which the electrometer deviates b ob- 
setved. With very active bodies a galvanom- 
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eter may be employed, but if.^dies of weak 
radio-aci:ivity are to be investigated, it is 
better to use a gold-leaf electrometer, or bet* 
ter still, electroscope with but a single 
leaf consis^g simply of a vertical metallic 
rod, (Fig, lo), at the upper end of which 
a very Ifght gold or a|,uminium leaf, 

CD, is fastened. In onlet to secure 
good insulation the rod i&supported 
by a small pi^e of sulphur, S, The 
electrical capacity of the conduct** 
ing system A BCD is extremely 
small, and hence it results that the 
diminution in the divergence of the 
leaf CD is not too slow. The elec- 
troscope becomes an electrometer, 
if the positioii<fi||<-CZ? is observed by means 
of a microsc6|)e and ocular scale. The 
potential corresponding to each division of 
the scale may be deterrnined by 

the use of a battery of small accumulators. 

The writer prefers a form of electrometer 
slightly different from that which has become 
classic :,for. the study of feebly r^o-active 
bodies. The sulphur* or fused quartz insu- 
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lator S (Fig. n) is quite slender and held 
with ia^tic or ghtta-percha to the l?ottom of 
• small bell-shaped piece of metal connected 
with the rod AB. This form of^ .Support 
obviates or deduces the creeping of the 
charge froip. the rod to the surface c)£ the 
111 ij^sulator. Mf^eq^er, the writer in 
yj again adopl^ng ^j||h arrangement 

* ' which* he det^ied many years ago, 

\ uses an ordinary millimeter scale 
\ placed at several meters’ distance 

\ from the electrometer, instead of 
\ one annexed to the ocular. A con- 
ali verging acromatic lens form,s a real 
fig. II. image of the scale in the plane in 
v^Kich the metallic leaf moves, and thus both 
the leaf and the .scale are seen simultaneously 
in the field of the microscope. 

In one of the electro^ters lately con- 
structed by the writer the rod and the gold 
leaf have scarcely one-fourth the dimensions 
shown in Figure ii. 1ft is particularly well 
adapted to the ddaionstration of radio-activity, 
since it is so sensitiv'C that, whdn one of the 
uranium salts is approached in such a way 
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that th« rays emitted by it<<i)ass through the 
thin aluinjiniu^ walls of the electrometer 
case, th^ gMd leaf, when previously electri- 
fied, ma|^ even with the unaided eyef'be seea 
to droop*. ' , 

As tfeote and more experiments were 
made, it was established that all the com- 
pounds of urani^ll are radio-active, that is, 
they emit Becquerei rays, and their activity 
is in proportion to the-^quantity of uranium 
which they contain J- this shows that radio- 
activity is a property of the uranium atom 
and one which remains unaltered when the 
atom itself enters into combination with the 
atoms of other chemical elements. 

Thorium, as well as uranium, is radio- 
active, to a slightly different degree, as iras 
independently established by Schmidt (23) 
and by Mme. Curie (24). 

If it had not been for the discovery of cer- 
tain bodies w^hose radio-activity is hundreds 
and even thousands of times greater than 
that of ^pranium, it would have been perhaps 
very difficult to have studied radio-activity in 
a thorough manner and to have determined 
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the ^culiaritics and the probable original 
cause of this interesting phenomenon, or, at 
least all this would have required much 
time and most accurate research.. 

M. and Curiejl^anced to find cer- 

tain' specimens of chjd%)iite and pitfchblende 
(in particular that which is mined at Joachiins- 
thal), which were somewhat more active than 
pure uranium. ^Recalling that radio-activity 
is an aLon;^ property, the phenomenon could 
not be attributed to uranium contained in 
these minerals, and it was necessary to sup- 
pose, that an unknown substance, more active 
than urAium itself, was present. Having 
recourse to physical and chemical methods 
of Separation, certain compounds of bismuth 
were extracted from these minerals having a 
radio-activity as much as four hundred times 
that of uranium (25). Tht nzvan p&lonium 
was given to the unk^^n:;«ubstance con- 
tained in these compounds; f||f radio-activity 
of which diminishes slowly as time goes on. 
Later the Curies and M. Bemont (26) extracted 
from pitchblende a small quantity of a very 
active body, chemically analogous to barium 
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and associated with it in almost ever^re- 
action, t0 which they gave the name radium. 
Another radio-active body associated with 
thorium and, posseiising similar chemical prop- 
erties was discover^, by M. Dofecne {27), 
who called it acliniu^. 

Various other investigators have suc- 
ceeded in deriving still other noticeably 
radio-active substances from many different 
minerals, but especially from . pitchblende ; 
the nature of these substances is not yet well 
understood. In particular ^ister and Gei- 
tel (28) obtained a rather radio-active sulphate 
of lead which seems to contain sinlfly radif- 
erous barium. Nor is the radio-active lead 
obtained by Giesel (29) any better character- 
ized, while that found by Hofmann and 
Strauss (jp) would, in some respects, seem 
to resemble: polonium. The active lead, or 
fadio-iead the^iiviauthors, exhibited one 
property woitBiy ©f mention. Under certain 
conditions the active sulphate of lead loses a 
lai^e part of its radio-activity, which , it later 
slowly recovers; but if it is exposed to the 
bombardment of the cathode rays* its radid- 
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active pitoperties are fully restored in a few 
minutes. 

Recently Mofmann and Wolf! (31) have 
partially separatem^he active substance from 
the inactive lead, and Itave determined that 
it differs from the polonium of Mine. Curie 
in the constancy of its radio-activity. 

The substance called radio-tdluriunt by 
Marckwald (32) also resembles polonium in 
its properties, the only difference being that 
its indio-activity does not seem to dimi|^h 
with time. It would seem that tadio-t^U* 
rium is the b^y to which the activity of 
the bisiilith extracted from the Joachimstnal 
pitchblende is due, and it is considered by 
this author to be a new body beiongfeg to 
the sulphur and tellurium series, because it is 
deposited on sticks of bismuth or antimony 
introduced into an acid solution of active 
chloride of bismuth. Marckwald obtained 
in this manner about six decigrams of quite 
adtive B^erial from 850 grams of the salt 
An active Tismuth quite similar to that of 
the other investigators was discovered : by 
tiiesel (33), whoflat^ separated from it a prod- 
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upt: identicajiwith that obtained by Marck- 
Finally a supposed neyj radio-active 
element waS separated from by 

Baskerville, who called it ca^ok’mum ($4% 

As we see, a great uncertainty still exists 
regarding the nature and even the separate 
existence of the greater part of the radio- 
active substances ; so much so, in fact, that 
there are some who consider the effects at- 
tributed to IVlife. Curie’s polonium as due to 
an induced radio-actimty^ that is, to a transj- 
tory phenomenon, of which we shall sneak 
later i there ar# others who believe radio- 
acttye thorium and actinium to be identical* 
The chemistry of the radio-active bodies is 
only i| its ^itial stages, and at present 
radium, wlilfee characteristic spectrum is now 
known, is the^^only substance the existence 
of which, as atl element distinct from t}ie 
others, seems to Se sure. 

Radium has" never been prepared in. | 
free sfate, but, .nevertheless, several of 
are known, ^or example, the sniall quan- 
tity of radio-active substance, which the 
'wd:’e first able.patienl^ tqobtain from 
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s^eral tons df pitchblende residues, remain- 
W the uranUlta been extracted, 
tttas tnfe“bhloride of radiunj. These residues 
contained coinpoithds of almost all the met- 
als, among which ^wfere barium, bismuth, and 
the petals of the rare earths. Chemical 
prpipl^es, which it would take too* long to 
describe here, permit the extrac|ion of the 
barium with the radium, the bismuth with 
the polonium, and the rare earths with the 
actinium ; aror this there remains the sepa- 
l^tion atf each of the radio-active bodies from 
the body which accompanied it, in spite of 
previous chemical reactions. This separa- 
tion, to whi<^ Mme. Curie has dcxoted many 
fijiars qf4lbour, ha.s not yet been completely 
successful, except in the case of radium, 
where flie hdlowing process was employed- 
The radiferous chloride of barium, of 
which about eight kilograms is extracted 
from a tom of pitchblende residues, is 
solved so as to fomai a saturated 

solution? On* cboU^, crystals, which we 
will call A, are throvm d^wn, while |#evp}- 
oratingiiifliteretaaining solution, anoi# 
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chloride, which we wil! call B, is obtc^ined 
Since the chloride of radium is aJightly less 
soluble than the barium chloride, it results 
that' tlie^ chloride A ig ritfher, and the chloride 
B is po )rer, irt radium than the chloride used 
in forming the solution. This may b® ascer- 
tained by determining tire relative radio-activ- 
ity. A second operation exactly similar to 
the aho\ e is ( arried out with each of the 
proclueis ^-1 and B , now since tin- least active 
part oblaincfi fioni A and the most acfii e 
part obtained from B an about equally 
radio-active, they are reunite^, and thus the 
four portions which result ftom the second 
operation reduce to three of different rich- 
ness in radium. The process is continued 
in the same manner; however, to j>rcvent an 
inordinate increase in the number of por- 
tions, no use is made of those whose radio- 
activity is very small, and the operation is 
discontinued on those portions whose radio- 
activity is sufficiently great. It is also found 
advantageous to mal^e use of the mother 
|iqt^ obtained from one operation to dis-^ 
Jfolve the crystals obtaine4 ia the aui^ceediag 
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operation. When the greater part of the 
inactive Wibstances is eliminated by this pro- 
cess, it is carried on stilFfurther, but now the 
least active, parts -are more freely discarded. 
In this way a sniall amount bf radium is lost, 
but the purification proceeds more rapidly, 
to accomplisdi which it is advisable to acidu- 
late the’ sblv§^ more and more with pure 
hydri^hloric acid. Finally, practically pure 
chlotMe of radium is separated to tiie amount 
of two or three decigrams per ton of the 
residues emirloyed. At present bromide of 
radium is also prepared in the pure state. 

Besiiies the measurement of the degree of 
increasing radio-activity a .spectroscopic c.x- 
amination of the product may be employed 
to estimate its purity, since radium possesses 
a spectrum which perfectly chaif^icterizes it 
and which was studied by Demar9ay. If an 
impure product is examined, the spectrum 
of barium appears with the spectrum of 
radium; but as the process of purification 
jjgoes on, the barium lines become weaker 
\nd finally almost completely disappear. 

Afeer the principal eflfects due to radic^ 
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active bodies were discovered, the attention 
of physicists was turned to the direct study 
of the rays emitted. 

All known radiations are, or at least we 
conceive that they are, of two sorts; those 
due to waves propagated in the ether, and 
those due to the motion of electrified mate- 
rial particles. Not only the luminous rays 
properly so called, and the invisible heat and 
ultraviolet rays, but'^so, as is thought, the 
Rbntgen rays belong to the first sort. To 
the second sort belong the cathode rays^ 
which are, in fact, considered to be due to 
the motion of negative electrons. 

It is not difficult to decide on the nature 
of new radiations which belong to one or the 
other of these two categories ; in fact, while 
an electric ,pr magnetic field cannot in the 
least degree modify the form of luminous or 
of Rontgen rays, etc., they should cause a 
marked curvature of the path described by 
electrified particles, ^unless the velocity is 
exceedingly great. However, there exists, as 
it appears, certain new radiations to whij^ 
their Siscoverer, Blondlot, has given the name 
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of n-rays (35), which seem to possess some 
of the properties of heat rays, but which 
appear to possess other very strange proper- 
ties. We shall not attempt to describe them 
here, since their nature is still enigmatic. 

In ord^r to acquire a clear conception of 
the nature of the rays emitted by radio-active 
bodies^ it , w^s necessary to subject them to 
magnetic of electric forces, and therefore to 
place the radio-active bodies either between 
the poles of a powerful raagnet or between 
two metal plates oppositely electrified. More- 
over, in ordef that the possible deformation 
etf the ra)^ recognized, they had to 

be passed through a small opening or dia- 
phragm, on the far Side of which either a 
phosphorescent l^dy or a photographic plate 
proteej ^; from the light by a black paper 
' covering was placed. With the phosphores- 
cent body the displacement of the luminous 
spot is at flSnee seen when an electfe or a 
magnetic field deforms the rays, and the 
same result is detected when the plate is 
developed. generally preferable to use 
the photographic plate, because the Ungth 
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of exposure, which may be as great as is 
desired, eventually compensates for the low 
intensity of the radiations which are studied. 

Applying these methods, it was recognized 
from the very first that in general a radio- 
active body emits rays which are deviated 
by the magnetic and the electric field, and 
at the same time other rays which atfe not 
deviated. It was further determined that 
the fotliier behave in ail respects like cathode 
rays of high velocit) , that is, as though they 
consisted of negative electrons projected in 
straight lines with enormous velocity. We 
shall see further on that this^Velocity may be 
measured, and that the ratio between electric 
charge and ma,ss hSs practically the s^e 
value as that found^in the case of the cathode 
rays. 

Subsequent researches ^ve proved that 
radium and other strongly radio-active bodies 
also proc^ce rays deviated sbmewlsat less 
than the cathode rays by the electric and 
magnetic forces, but in the opposite direc- 
tion, Hence it may be said that radio-active 
bodies emit three varieties of rays. It is 



72 KADIO-ACTIVITY 

probable that this is true of all bodies, aince, 
even if some of these varieties of rays have 
not yet been found in the complex emission 
of certa^ nidio-active bodies, this is m all 
probability due to their being less intense 
and hence less easy to detect. An example 
of this is found iii Mme. Ctyrie'S polonium, 
which practically only emits rays whose 
deviation is opposite to that of the c^hode 
rays. 

The rays wliich are subject to deviation 
can only be considered as consisting in tlic 
emission of electrified particles. I'he direc- 
tion of the deviation shows the sign of the 
charges of the partic les, whil)^ the amount of 
the deviation permits an evaluation of th^ 
velociSes.wdth which the particles move, and 
in addition, of the. ratio which exists between 
th^ icharge and the mass of each ; conse- 
quently the mass itself may be determined 
if we assume that its electric chaise life that 
constant value which pertains to the electro- 
lytic ion of bydfqgen. We mill now sum up 
the results m the research relating fo radio* 
ibtivity, adopting Rutherford*s designation, 
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a, for the three kinds of rays 
by radiimi, and perhaps in general by every 
radio-act ive body. 

The «3L-rays behave in a manner which 
confirms the hypothesis made by Strutt 
(36)5 which is that they consist of positive 
ions projected in all ^directions from the 
radio-active body. In fact, Rutherford (37) 
proved that they transport positive charges, 
while Becquerel (38) determined that their 
deviation in a magnetic field is in the oppo-? 
site direction to that of the cathode rays. 

If, for example, the rays emanate from a 
small quantity of one of the salts of radium 
contained in a littf^ lead vessel, P (Fig, 12), 
they are propagated in the direction of the 
straight line PC; but if a magnetic field is 
set up perpendicular to the plane of the fig- 
ure, the a-rays separate themselves from the 
others and curve in the direction of the arc 
PA. 

It was found, on measuring the velocity 
and the ratio between the charge and the 
mass-of tfee particles constituting the a-rays, 
that the velocity may -attain a value about 
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tenth of the velocity of light, and that the 
ratio Mentioned above would indicate that 
the particles possess a mass of atomic order. 
We may say, therefore, that the a-rays ate 
i(itntical with canal rays of high velocity. 
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The itrois^iTOn (rf a gas seems to be espe- 
:ially due lb the a-i%s, evidently as a result 
if collisions. The ph^openon is rather 
■estricted if the gas which surrounds the 
adio-active body is at orfSinary pressure, 
n fac^ the «-rays from radium are only 
lightly penetrating, as either a layer of 
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ordinafy air ten centimeters thick, thia 
plate of aluminium less than a tesi^ of a 
millimeter thick, is sufficient to absorb the 
greater part of the rays. 

The y 8 -rays behave in all respects like^ery 
penetrating cathode rays. That is, they aref 
negative el^trons projected in all directions,; 
their is®locity is enormous, since it may attain 
a value but slightly inferior to the velocity 
of light. This result is deuced from the 
effect pro 4 uced on the rays by the magnetic 
field, which was determined almost at the 
same ' time by Becqu!|rel Giesel (40), 
Meyer and Voji^ ^chweidlfe^(46^ and Dorn 
(42). Instead: of Curving like the a-rays, 
they bend considerably mpfe in the opposite 
direction, as p)shoWi|( in 12. The cur- 

vature of Some of the ]8-rays; n«i||r be so great 
that ttejjr end hv striking a»|j|;^tographic 
plate, LL, on whira the lead vessel P rests 
in the region 

The production of rays curved to a greater 
or less degree by the magnetic field is due 
to the fact that the velocities of the various 
negative electrons, of which the /8-rays are 
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only the trajectory, have different values. 
The magnetic field causes those which move 
less rapidly to describe semicircles of small 
radius and those with tlie higb’^velocity to 
describe the arcs of large radius. It is thus 
that the elongated image obtained on the 
photographic plate is explained. By means 
of this image it is easy to prove that the less 
deflected rays, consisting of electrons with 
great velocity, are also the more penetrating. 
In fact, a photographic plate placed in the 
path of the‘*'j8-rays absorbs most strongly 
fliose rays which are the most deviated (Bi, 
Fig. 12). Moreover, the variety of yS-rays is 
quite great; thus, while some are stopped 
by aluminium foil one-hundredth of a milli- 
meter thick, i^ers are able to traverse sev- 
eral millinSeters of lead. It was proved 
directly by Ibe Curies (43) that the /3-rays 
really transport negative charges. In their 
experiments the a-rays were arrested by a 
plate of aluminium so that only the effect of 
the j8-rays was shown by the electrometer. 

While the a apd rays are deviate in an 
ejl^ric or • it^nefic field, the are 
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not jaffected at all. Thus those emitted by 
the radio-active body contained in; P (Fig. 
12) preserve their rectilinear motion, PC, 
even when the magnetic field is set up. 

The y-rays, like the /8-rays, are not homo- 
geneous, there being a more penetrating and 
a less penetrating variety. This property 
renders them very similar to the Rontgen 
rays, and as such they are now generally 
considered. It is true it has been obsen^ed 
that the conductivity excited by the y-rays 
in various gases is not propij^ional to that 
produced by the X-rays, and this seemed to 
establish a difference in the nature of the 
two sorts of rays. But ■■recent experiment 
has shown that this dissimilarity in behav- 
iour depends solely on the fact tliat the y-rays 
in the aggregate ar^ pnly comparable with 
the most penetrating X-rays. In fact, 
ratio between the conductivity produced in 
various gases by y and X rays tencis towftfd 
unity, when a comparison is made between 
the former and Rontgen rays which are 
furnished by “ hard ” tubes and are made to 
{Kiss thrgugh a lead pla |i^. - before arrivmir at 
the gas to be ionized. 
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When the three sorts of rays strike or 
^traverse various bodies, produce effects 
which differ according to the natuie of the 
bodies themselves. This is paiticularly evi- 
dei^ when one of the salts of radium is'em,- 
ployed and certain of these effects have only 
thus far been observed with this substance. 
It itejnot possible to completely isolate the 
rays of one spedes from the others and to 
study separately the phenomena produced by 
them; but it is possible, by means of the in- 
teiposition of absprl^g'^atbs to keep back 
die least *penetra ting rays^,*uch as the a, or 
the a together with a part'bf tte /8 rays, or 
finally, to allow only the y-rays to pass 
througl^ and this is sufficient in man) cases 
to aUoV^e ^effects produced by the one or 
the other to b^peggnized. 

The efE®:ts produced by radio-active bodies, 
ati4 in particular by rfdium, may be classified 
as li|t!ddKous, chemical, electrical, mechfimcal, 
therttial, and physiological. Besides wfiat has 
t^een previously stated, the following may be 
said with reference to these effects. ' 

Phosplrorescence and fluorescence seem to 
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result especially from the action of the a and 
the /8 rays; but certa^ bodies become more 
brilliantl||^minescent when they arc struck 
by the a-rays, others when they are struck by 
the /8-iia^ For exanSple, hexagonal blende 
is particularly lumine?i||j0it under the action 
of the o-rays from radium. 

Crookes has constructed a small insti^ft* 


ment called the spintha*is€ape (44)* by 
of which thejttlfect produced by radiu *on a 
screen coalW with'^bpsphorescent sulphide 
of zinc is observedit particle of the 

radium salt is place4*a.t a distance of about 
a half millimeter btHti the screeir, which is 
viewed through a lens or microscope. Brilb 
iaiit points appear here and there and immf- 
diately become extingui^ed. and thus* give 
an effect of scintillation. According to 
Crookes each luminous point is caused by 
the impact of a positive ion. Accotding to 
Becquerel, the scintillation is due to the rwp- 
ture or cl^vage of the little crystals forming 
the phosphorescent films, since he ot^ained 
similar effects by crushing the body betwei^n 
two gla^ plates (45). In any case the singu- 
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lAr lumiflavs ^|>henomen^|i|of the spintharii 
sc6pe is due to th^upposed 

bombardment ol the phosphorescent body by 
the a-rays. 

The luminosity of the salts||j| radium has 
been attributed to a phosphorescenqp excited 
by the ra^ which they themselves generate. 
But it may be that the light is produced by 
the ^llision of th^ a ions or of the /J elec- 
trcn*llot, in fact, the molectljes of the 
radio-active body, but with those of the sur- 
rounding gas olPot the gases winch are slowly 
released from tire ladiunk salt , and it might 
also b#suppo#fe that the cause of the lumi- 
nous phenomen*;^ is the tr^insformation of 
Ijjie radium of which we 

shall speak lateiiP^Howei||f, it been 
found by Sir William and J^ady Huggins (46) 
that the spectrum of the light emitted by 
radium consists of lines coinddent with 
some of those of nitrogen, and almost iden- 
tical with that of the negative glow produced 
in air at ordinary pressure, 

Recently Becquerel (47) hai<^bserved that 
thft salts of uranium are also spoptaneoiply 
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lumi»- In oraer tcvconvin«p^lt W 
this, it |s 0B%- nece|kry^t%’'lo6k, at ni^ht, 

^ when' is well rested; j# a small glass 

vessel Containing uniHum nitrate. The 
writer dNfS. under Inch conditiqfis, observed 
a verjtv^id srirAlatiou when the vessel con- 
• tainll^'fhe sail was shaken; for this reason 
it advisable not to shake tlie vessel too 
strongly if oi>e washes to verify the -.ponta- 
neous emission of light and ' coniobnd it 
with that which is produced by concussions, 
and which is pigpbably electUlcal in origin. 

f*hospl lorescent substances are altered by 
the action of the ray.s cmitt^ by radium and 
often change colour ; glas^ becomes viDlet oi^ 
blackish, and*" thus modified, it is thermo- 
luminescent, since j,t becoljfes luminous w'hen 
heated^ to about 500° C. These modifications 
are pjiobably #iemical in nature, like those 
to which images on photographic plates are 
due. 

Inasmuch as the rays from radium are 
unequally absorbed by bodies of different 
den^ty, it is possible by their use to obtain 
radiographs similar to those, now so well 
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known, which are obtained with X-rays. 
However, the latter are always very much 
||j|! more perfect. 

Radio-active bo^s, and especially radium, 
produce still other chemical actions ; thus 
according to Bec<^uerel, a solution of bichlo- 
ride' pf mercury and oxalic aci(|lft(6| grams 
of the bichloride, I 2 | of o:^alic acid, and 
lOO of water) deposits calomel under the 
action of'fhe rays from radium ; -their action 
is therefore in this case similar to that of 
light rays. Under the action of the rays 
from radium ordinary phosphorus is trans- 
formed into red phosphorus, and oxygen into 
ozone; And it seems as tho^h the changes 
in colour which aitjlsho^n by glass, barium- 
plati no-cyanide, etc., should be attributed to 
chemical modifications. The lasi of these 
substances becomes at the same time less 
phosphorescent, but later 5 |!iBacquires this 
property jsrhdli exposed to sun|jght. It is 
a rathir singular fact that the rays from 
radium do not sensibly- modify the iodide 
of silver of a daguerreotvD (^ plate. 

Since the a and /8 rays consist in'' gl^e 
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emission of positive ions and negative elec- 
trons respectively, it is natural that th*jj^ 
should produce an electric charge whenevi^ 
the one variety and not other is arrested. 
In this manner radio-active substances be- 
come a continuous source of electricity. 
Radio-actiw ^pdies should become electri- 
fied even when free rnotioii is allowed to all 
the rays, if the’ quantity of positive electricity 
transported %y the a-rays differs from the 
quantity of negative electricity carried away 
in the same time by the j8-rays. Appropiiate 
experiments have shown" that this does not 
happen (48); and hence there must be a 
compensation betweeti th^harges of the two 
signs. If, however,’ the wAays are arnsted 
by a shea|^ing of not too thin glass, this 
becomes positively electrified. This experi- 
ment was made by Wien wath a small 
amount of brotfliide of radii^||^ placed in a 
glass tube <i(fepped in aluminium foil and 
hung by a wire in a vacuum tube. The 
gas must be remov^ frona the region sur- 
k), unking the ^all tube in order that the 
cdi^uctivity of the ionized gas may not cause 
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the charge which collects to be dissipated. 
Under some conditions an electric spark 



may be obtained, as, for 
example, when a small tube 
containing radium (49) is 
opened. 

An ingenious little piece 
of apparatus (Fig. 1 3) which 
was devised by Stiiiil^b.(5o) 
demonstrates the continual 
production of electricity by 
radium. In a hermetically 
sealed glass vessel, in which 
a good vacuum has been 
formed, a small closed tube, 
a, is placed Which contains 
a radio-active body. This 
tube, which is supported by 
a^Jnsulator of fused quartz, 

has its surface covered 
with a conducting film (for 
example, painted with phq®- 
phoric acid), and terminates 


in two gold leaves, u, which form an electro- 


scope. These leaves are always in. motion. 
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They spread apart little by little until they 
touch the strips of tin h)il, ee, pasted on the 
walls of the vessel and communicating with 
the earth. Then they instantly fall together, 
only to slowly diverge again, and this goes 
on continuously. The effect is due to the 
positive charge left on the little tube^ 1.')y the 
a-rays which are absorbed w'hile the negative 
chjtt^ is carried away by the /3-rays. 

Another effect of an electrical nattfte, 
which is due to the rays from radium, is 
obtained, according to Curie (51), in the 
following manner; conductors are placed 
in such a way that the discharge of an 
electric machine or an induction coil may 
follow two separate paths, in each of which 
an air gap is provided for the formation of 
the sparks. If these two air gaps arc equiv- 
alent, so that the discharge takes place equally 
W'cll in either of the two paths open to it, it 
is sufficient to bring the radium near one of 
the two air gaps in order that the spark may 
form at this one and not at tlie other. There- 
fore the rays front radium produce an action 
similar to that which, in certaip circum- 
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stances, is caused by the Rontgen rays, in 
that they tend to assist the formation of 
sparks. 

Finally, another electrical effect of radium 
is the one which has been recently an- 
noumled, namely, that a diminution in the 
ekctrical resistance of bismuth is produced 
when the radio-active substance is brought 
to within a very small distance of a thin 
plate of this metal. 

Since the a-rays consist of positive ions, it 
follows that a body which emits them must 
necessarily send out matter as well ; from a 
certain standpoint the same thing may be 
said of t|tf ^-rays, as we shall see later. It is 
to be e:^^ted, therefore, that there should, 
be a continual diminution in the weight pf 
radio-active substances. Heydweiller (fit) 
thought that he had detected this ; but Dori* 
(53) could not confirm this result in spite otf 
the fact that he employed a body of greater 
radio-activity. Thus it would seem that we 
are dealing with a d|^se in mass so small 
as to ©Itoib ordinary determinations. 

Ip the case of radium, the emission of the 
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various sorts of rays is acc'^mpanied by a 
contJii.ial production of heat. In fact, the 
Curies and Laborde (54) found that a small 
quantity? of a radium salt continually main- 
tained itself at a higher temperature than 
tiiat of the surrounding air. Xhe expei^ent, 
wliich is quite simplg, is thus described by 
Mine. Curie. A closed glass flask contain- 
ing seven decigrams of pure bromide of 
radium and a rtHercury thermometer are 
jjiaced inside a double- walled glass vessel 
dosed v.ith a cotton stop})cr. A \acuum is 
produced between the two walls of the vessel, 
which is, in fact, one of those which are used 
to preserve liquid air because of||[ie good 
h^at insulation which may be obtained in this 
itllmner. A precisely similar thermometer, 
•together with a similar glass flask, which, 
however, contains an inactive body such as 
chloride of barium, instead of the radio-active 
substance, are placed in a second glass vessel 
sitpiiar to the first. thermal equin 

librium is estabiishedH^ay be observed that 
the first thermometer registers a temperature 
about three d^rees higher than tlte second. 
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In order to measure the quantity of heat 
continuously evolved by the radium salt, a 
small quantity of it was introduced into a 
Bunsen calorimeter. From the quantity of 
ice which melted in a given time, it was 
deduced that the heat evolved by the radio- 
active body id' -One hour would be sufficient 
to melt a we%ji| of ice equal to its own, or 
to heat an equal weight of water through 
about 8o® C. Thus we see tha| the quan- 
tity of heat furnished by radium is relatively 
great, 

A thermal effect of another sort is that 
demonstrated by Georgiewski (55). Accord- 
ing to this author, while the velocity with 
which a hot body cools does not vary when 
the gas which surrounds it is ionized by the 
rays from radium, the cooling itself is acceh 
ei'atjpd if the hot body is electrified, and esl>e- 
cially if it is negatively electrified. This 
effect was observed not only with air, ljut 
also with other gases, and the result was the 
same whether all the rays from radium were 
allowed to act, or whether the a-rays were 
prevented from acting. 
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When the rays from radium, and from 
radio-active bodies in general, strike an inac- 
tive body, they cause it to emit new rays 
which are called seemdary rays. This emis- 
sion is contemporaneous with the action of 
the incident rays, which distinguishes t]^ 
phenomenon from that of induced radio- 
activity, of which we shall speak farther on. 
The property of exciting secondary rays per- 
tains also to other radiations, such as X-ravs 
and cathode rays, and in all cases the second- 
ary rays differ from those which cause them. 
I'hus it may be said that the X-rays are sec- 
ondary rays produced by cathode rays, which 
may themselves be generated by X-rays (56). 
Moreover, these latter produce secondary 
rays of a nature similar to their own but 
which are less penetrating. Luminous and 
ultraviolet rays may produce cathode rays 
as secondary rays, etc. The^rays from radio- 
active bodies produce effects of this sort, 
which, however, have not yet been studied 
in a thorough manner. 

Besides the effects already described, the 
rays emitted by radium have a most pro- 
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nounced action on living tissues and may 
even cause severe lesions hard to be cured, 
Becquerel an^l the Curies proved this to 
their cost (S;^, Acddrding W Danysz (58) 
a tube containing a Jtrongly radio-active 

f ^dy placed on the skin of an animal caused 
complete destruction of tlie;, epidermis and 
the derrni^r though action on the lower 

tissues was> ’ relatively -quite weak. The ner- 
vous .system is^ on the contrary, quite sensi- 
tive to the action. of radium, since lesions arc 
soon formed which may result paralysis 
ahd death. 

The effect pit>d need on bacteria is worthy 
of note; for, according to Aschkinass and 
Ci^pari (59), the development of certain 
species becomes arrested wheif they are sub- 
jected to these rays. The larvae of some 
insects die, and the, pro) on action of the 
rayvS frolh radijim on the seeds of cer- 
tain plants deprives them of the ability to 
germinate. Ip It seems, moreover, that, in 
compensation for the deleterious actions 
which they exerty the nays emitted by radio-^ 
active substances may become useful in the 
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cure certain diseases, such as cancer and 
dupus. 

The sensation of li|;ht which stiff uses the 
field of vision when on|,.of the prepa- 

rations is brought cl^Se to thd f;y^ is nql a 
direct jihysialogical effect, biil^he which i^ 
.explained by the phosphofescenpe of the 
parts which constitute the orgafi: of sight. 
The sensation is produced even in the eye 
of a blind person, provided the retina and 
the optic nerve are in normal condition. 

Finally, according to Bloch (61), the action 
of the rays from radium on crystalline sele- 
nium is similar to tiiat of light, since they 
increase its electrical conductivity. 

In addition to the emission of a, / 3 , and y 
rays radio-active bodies, or at least radium 
and thorium, continually lose a part of th^ir 
substance in pother form. Certain experi* 
ments relative to the ionization of the air 
produced by thorium compounds led Ruther- 
ford to the discovery of the radio-active ema- 
nations, Before this Owens (62) had noticed 
a strange irregularity iu the ionizing action 
of the rays from thorium oxide, but it was 
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Rutherford who furnished the explanation 
of fhi* (63) by dcmonstrattifig that thorium 
continually emits radio-active particles, whose 
ionizing action reenforces that due to the 
a, §, and y rays.’ Radium itself produces its 
own emanation, and the particles which form 
this emanaticm^are distinct from those which 
constitute the bt and <8 rays, since the former 
diffuse slowly like the molecules of a gas 
while the latter are projected with enormous 
velocity. 

In fact, the emanation mixes with the sur- 
rounding gas and may be carried with it from 
one place to another. Recent experiments 
show that the emanation behaves like a true 
gas, since, according to Traubenberg (64), not 
only the emanation, contained in the city 
water of Freiburg (and, in general, in water 
from springs containing any radio-active sub- 
St^ces whai^e\^r), but also the«emanation 
radium ol^s the laws of Dalton and 
Henry, which iRld for gases. 

The emanation easily passes through nar- 
row apertures or fissuresfth rough which an' 
ordinary gas cpuld only circulat^with ex-.. 
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treme slowness. It is only temporarily radio- 
active ; that is, it4. radio-activity decays in a 
continuous manner to such an extent, that at 
the end> of a minute the activity of the tho- 
rium einanation is reduced to one-half of the 
initial value, while that of rad.ium loses its 
activity considerably less rapidly, being re- 
duced to one-half only after )kbout four days, 

Rutherford and Soddy (65) have shown 
that the radium emanation condenses at a 
temperature of about 1 50° below zero centi- 
grade. In fact, a current of gas which has 
passed over a compound of radium and into 
a tube surrounded by liquid air,, issues from 
the tube entirely robbed of the emanation, 
and the etoanadon itself returns to the gas- 
eous state when the temperature is raised to 
the value mentioned above. It is easy to 
follow the motion of the emanation, because 
it is luminous and rend^s glass tube 
which contains it luminous. The emanatfen 
from thorium condenses slightly higher 
temperature. 

The emanation.^as the property of render- 
ing bo^es with which it comes in contact 



94 


RADIO'-ACTIVIT# 


temporarily active. The radio-activity ac- 
quired in this manner by bodies which do 
not possess it on their own account was, 
seems, first observed by the Curies, UpS 
called it induced radio-activity. Accordi^ 
to Rutherford it is due to an invisible solid 
substance which the emanation deposits on 
bodies in unappreciable quantities, and which 
is soluble in certain acids but not in others. 
Upon evaporating the solution formed in 
this way, a radio-active residue is obtained. 
Moreover, it seems that the emanation ad- 
heres to the bodies which iC'has rendered 
active, and also, in a certain sense, is ab- 
sorbed by them, siudfit'^hese bodies give off 
emanations of their own. Celluloid, india 
rubber, and paraffin absorb and then give up 
the emanation in appreciable quantities. In- 
dependently of this it has been found, that 
a body which has become radio-active by 
induction, in a large measuredoses this prop- 
erty when jt is heated; this lost actii^ty is 
acquired by suiTOunding cold febdies. 

■ The presence of a .negative charge on a 
body facilife^ the production M induced! 
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radioactivity* It is even possible to cause 
a conductor which is strongl||phar^ed nega- 
tively to become radio-active by merely plac- 
it for severJi hours in the open air, as 
as been shown by Elster and Geitel (67): 
According to Sella (68) the same result may 
be obtained in certain cases when the con- 
ductor is charged positively. These two 
experiments point to the existence in the 
atmosphere of an emanation analogous to 
those which are given off by radium and 
thorium. 

Radio-actwty may also be produced in 
substances which in themselves are inactive, 
by dissolving the ii^^ctive body in a liquid 
together with an active body and then sepa- 
rating the two by chemical methods. In 
this manner active bismuth is obtained after 
having been dissolved in A solution coritain- 
ing radium. Generally the body which has 
become radIo-|ctive in this way slowly loses 
its activity; and it is because 5f this that 
polonium hat been considered by some, to be 
bismuth which has beetf rendered active by 
S0liilio% A salt of barium becomes 
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active, in a similar way, when it is derived 
from a splutijpi of uranium, while this solu- 
tion loses a part of its radio-activity^ w^pjj, 
it later slowly regains. ‘ 

A phenomenon analogous to this, and 
one to which we shall return later, is that 
described by Rutherford, w'ho was able to 
chemically separate thorium into two por- 
tions ; the one which he called thorium-X is 
quite active and loses its radio-activity little 
by little as time goes on, while the other in 
time reacquires tliis lost properly. 

The continued evolution ol heat and the 
emission of a*rays as w'ell do not pertain 
exclusively to radium, but arc also properties 
of the emanation which it evolves. If a 
radium salt is heated in a tube until so much 
of its emanation as it is possible to liberate 
is driven off and collected separately in a 
tube cooled by liquid air, then, when the tute 
containing the radium and that confa^pg 
the emanation come into .thermal equilil^f^ 
with the surrotftiding atmosphere, it is fouj^ 
that the quantity of .feeat produced in unit 
time hy the radipM -diiainishes. while thil 



RADIO-ACTIVITY 


97 


evolved Tby the emanation increases, in such 
A way that the sum of the two remains prac- 
constant (69). If the emission of a- 
on the part of the radium and on that of 
the emanation are compared by means of the 
ionization which they produce, a behaviour 
exactly similar to that in the case of the 
emission of heat is noted. This leads one to 
suppose (70) that the heat evolved by the 
radium is due to the collision of the positive 
ions (a-rays) with the air molecules or with 
those of the radio-active substance itself. 
The velocity of the a-rays which has been 
found to attain a value of one 4 enth of the 
velocity of light, is such as to satisfy this 
hypothesis ; but at any rate the origin of the 
energy, of which radium seems to j^e an inex- 
haustible source, still remains Unexplained. 

It is probable that .radio-activity a prop- 
erty possessed to a greater or less degree by 
bodies. In fact\^cent experiments have 

t own that the sp ^3 with Wnid| a charged 
idtro^dop^, for that shown in Fig- 
ure ia,Wotn^4 d^P^ds on the 

nature of thiSLWllf^’^fai.Vessel in which it 
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is inclosed (71). This is attributed to the 
radio-activity oi the walls themselves. It 
seems, more^fver, that very penetrating radia- 
tions, which proceed perhaps from the atmos- 
phere or from surrounding bodies, continually 
exist all about us and produce St* slight ioniza- 
tion of gases, since the rapidity of discharge 
mentioned above becomes less, when the ap- 
paratus is surrouSdM by a thick shield of 
lead (72). Thus one might even suspect 
that the slight radio-activity of ordinary sub- 
stances may be, at least in part, an emission 
of secondary rays excited by these radia- 
tions, which are supposed to be continually 
present. 

The fact that air which has been dmwn up 
from beneath the soil has an electrical con- 
ductivity greater than that of ordinary air is 
especially important. Moreover, it has been 
found that the water from many springs and 
wells, in particular the w^ter supplied to the 
city of Caij^hridge (f^), contains a radio-active 
gas which impregnates ^r made Ip bubble 
through the iwn^f^and causes it tp become 
feebl;! conductihg- T|^f^ Iwo factSj lead one 
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to suppose with Elster and Geitel (74) that a 
small qmntity of iome radio-active substance, 
which may possibly Be radium, exists in the 
ground, and that the emanation from this sub- 
stance IS carried by the ground air and is 
dissolved to % slight extent by spring water. 
Mr. Allen (75), who discovered that the 
water of the spring called “ King’s Bath ” is 
radio-acti ve, advances the idea, worthy of be- 
ing taken into consideration in this connec- 
tion, that the therapeutic action of mineral 
waters may be due at least in part to an em- 
anation or to a radio-active gas contained in 
them; thus it would be easy to account for 
the fact, which is so often asserted, even if it 
has never been explicitly demonstrated, that 
mineral waters become less efficacious when 
exported. 

The presence of radio-active emanations 
in springs which contain carbonic acid gas, 
and in. certain thermal waters, as well as the 
relatively great radip-kctivity qf the mud 
deposited from; .th^e \TOters, leads one to 
suppose that t^ prdpbrtiori bf radium, or of 
some otBer veiy'i|Bli|^ip*-active substance, con- 
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tained in tf^&eartK’s crust, must increase with 
the depth lieSow the surface (76). Hence it 
would seem very well worth while to insti- 
tute an investigation of volcanic products. 

Freshj3^;.iallen snow is radio-active. The 
writer has been able to ascertain that the 
conductivity of the , air on a snowy day was 
more than double ihat ordinary days. 

In this chap ter ha^, presented a long 
series of facts which have b^en, for the most 
part, ascertained with absolute certainty, but 
which at any time may assume a different 
aspect in the light of some future discovery. 
It would, therefore, be premature to formu- 
late a theory of radio-activity at the present 
time, were^it not that the nature of this 
phenomenon has been rendered so manifest 
by the properties which the radiations and 
emanations have been found to possess. In- 
deed, it is impossible to doubt that a radio- 
activ^fbody continual^ emits part of its own 
substance and that hence it should have a 
li|nih^d existence: the elytron theory, in the 
form in w^hich'it wih.be pfesenteii in the last 
<;:hapteri. and according to whicli atoiiis ard 
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systems of electrons, stems c|^igned ex- 
pressly to confirm this belief. But a theory 
of radio-activity should also explain the 
oHgin of the energy which becomes avail- 
able during the disintegration of radiD-acIlve 
bodies. 

It is thougbf by some that this energy 
comes from an unknown radiation which is 
passing continually through all space. This 
radiation might impart enormous velocities 
to the constituents of the atoms of certain 
bodies — velocities great enough to separate 
these constituents from each other. Prob- 
ably if such a radiation really did exist it 
w'oiild be absorbed by radio-active bodies. 
Thus it would seem that the radio-activity of 
a body might be reduced by surrounding it 
with other radio-active bodies. Probably no 
one has ever thought of experimenting in 
just this way, but Elster and Geitel (77) have 
found that the radio-activity of a body does 
not diminish when it is placed undergroimd, 
for example in a mine, so that it is covered 
by a layer of the^ earth’^ crust at least eight 
hundred metep f tick is hardly prob- 
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able that this should notlibsorb, at least to 
an appreciable degree, ^the radiations which 
are suppled to pass through space. 

Hence ft seems preferable to adopt the 
hypothesis that the origin c^-thc energy of 
i^tiio^active bodies is analogous to that of the 
tberti^l energy furnished by chemical com- 
binatioisS, with the difference that, while in 
the latter case we are dealihg with the atoms 
which talced" in the free state oi’ issuing from 
other comblnation^i unite together to form 
new molecules, in the case of the radio-active 
bodies we are dealing instead with electrons 
derived from unstable atoms, and which unite 
to form »nd more enduring atoms. 

Certain ex^riments,„and especially those of 
Rutherford and of his collaborators, render 
these atomip ftaodifications and transforma- 
tions highly probable and lead to the fol- 
lowing conside'f^fion of the phenomena of 
radio-activity (78). 

T^|||jitoms of the, radio-active bodies are 
unstable systems of electrons. Every now 
and then some oi these atoms subdivide into 
free negate electrons and groups of elec> 
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trons with positive properties, or positive 
ions. The fonfSer constitute the ^-rays ; the 
latter the a-rays. The emanatioji^prohably 
consis^ of these same positive iPhs or of 
modifications them. If one portion only 
of the disintegrated atoms is radiated out 
into the surrounding space, the remaining 
portion will constitute a new body, which 
may be itself i^io-active; and in this case 
its atoms will be subject to further division. 
The same thing may ab said of the new 
atoms which constitute the emanation, as 
well as of the sub^ndfe which this emana- 
tion deposits on inert bodies, thereby ren- 
dering them temporarily active (induced 
activity). The atomic transformations cease 
only when the electrons constitute stable 
atoms; that is, a non-radio-activc substance. 

For example, let us consider uranium. 
Crookes (79) and Becquer^ (80) separated 
from this substance art active and a non- 
active part. The former which Crooj||p and 
Rutherford call uranium-X, in time loses its 
activity, while the latter slowly acquires it. 
This inactive uranium little by little becomes 
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trani^Eormed into uranium-X, and the trans- 
formation is accompanied by radiation. At 
the same time the uranium-X becomes trans- 
formed into an unknown substance. A sim- 
ilar thing happens in the case of thorium, 
with this difference,, however, that in addi- 
tion to a transformation of inactive thorium 
into thorium-X accompanied by the emission 
of the usual rays, there is the priiduction of 
an emanation as a result of a final disintegra- 
tion of the, atoms which constitute the tho"- 
rium-X,; The emanation itself is radio-active ; 
that is, able to transform itself into other 
substances, among which is the substance 
which adheres to neighbouring bodies and 
causes induced radio-activity. Also in the 
case of thorium we are ignorant of what is 
the final and stable atomic condition. 

The successive transformations of the 
radium atom are analogous to those of tho- 
rium, save that there, apparently exists no 
radium-X. Thus there is a splitting up of 
the radium atoms and the formation of an 
emanation, or perhaps better of emanations, 
inasmuch as there seem to iixist between the 
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radium and the condensible emanation inter- 
mediate stages of transformation, which are 
the transformations taking place during the 
emission of the a, and y rays. The ema- 
nation itself is radio-active, and in under- 
going transformatioa gives rise to the 
substance producing induced radio-activity; 
that is, to a substance temporarily radio- 
active and thus in the stage of further trans- 
formation. Neither in the case of radium 
nor of the other radio-active bodies are we 
able to say what other successive aggrega- 
tions are possible befdre a stable condition is 
attained ; but the final non-radio-active sub- 
stance has at least been found in the case of 
radium. It has in fact been recognized (81) 
that in time the emanation erf radium en- 
closed in a tube becomes modified ; its spec- 
trum slowly changes in aspect and ends by 
exhibiting the characteristic lines otjielmm. 
This gas, recently discovered in our atmos- 
phere and in certain minerals, is one whose 
lines are found in the solar spectrum, and 
hence the name helium. The minerals in 
which it is f(^nd are, in general, thbse^ 
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from which radium is obtained ; a fact which 
is naturally explained by what has just been 
mentioned.^ 

A very recent experiment of the Curies 
and Dewar (82) seems to establish beyond 
#11 doubt the transformation of the radium 
♦mdnation into helium- About four deci- 
grams of pum and dry bromide of radium 
stood for three months in a small flask com- 
municating -with a GeiaSler tube. This w^ 
^pltJvided with two eteiiarodes fused througn 
the^a^s-to nllow the passage of an electric 
dischai^.by means of which the gas con- 
tain^ itif the tt^ ootfld be rendered lumi- 
nous. "At first a gdbd vacuum was produced 
in both ftask‘ and tube, and it was noted 
that the radio-active substance continuously 
evolved a gas which amounted to a cubic 
cent|||^ter per month (under ordinary press- 
ure). On passing a discharg||^ through the 

t E. Rutherford stated, in a paper read before the Intema- 
j^oeal Congress of Arts and Sciences in St. lUrjais (September 
1904)4, that the evidence at present indicates that the 
fs See the ia^rtant work by Rutherford 

ffiolSSed “RwHo-atfroty,” liscditly published in the Cam- 
Phywq# Scries. -.-Tiunslatoii.' 
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tube aiiiilton examining the Ipectrum of the 
light produced in this manner, the hydrogen 
and fnertiiry lines were seen, the latter being 
due to the fact that a mercury pump was 
employed in obtaining the vacuum. Thus 
far no trace of helium had appeared. 

The same bromide of radium was then 
placed in a quartz tube and heated^nntil the 
salt fused. While the heating lasted, a pump 

f p kept working in order to draw the gas, 
hich was being givenfe^^off, into coolei|,^ 

by liquid air. 

In this manner ailcfel a.^oubid cehtih*^®^ 
of gas were collected* which was luminous 
on account of the emalfcatidh it contained. 
When this gas ivas broiight into a (^issler 
tube, it .showed only the spectrum of nitro- 
gen ; this was still the case after an attempt 
had been made to elimiffete the nitro^a J>y 
means of condensation pjroduced by cooling 
with liquid l^drogen, -^t l^is point 
quartz tub|i;;Contafning the radium salt was 
hermetically sealed while it was being pump^ 
out. Twenty dayj^ fater, wheh the gas con- 
tained in the tqbe was rendered luminous b3f 
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means, pf a discharge between external elec- 
trodes ,|^'gtin-foil, the spectroscope clearly 
showed!^ entire spectrum of helium. 

After this it seems difficult to doubt that 
helium is farmed as a result of the radio- 
active traisformations-,^ radium. Never- 
1 . 

theless, many other prbofs of this character 
will be n^i(|iary before the transformation 
of the chemical, atoms may be cdtisidered as 
a demonstyated fact; that is to say, bef(^ 
the idea of th|g^ absolute invariability of 
atoms^ which Asith time has become so deeply 
rooted in our minds, is abandoned. 



CHAPTER VI 

MASS, X^iaOCITY, A^l? : ELECTRIC a^HARGE OF 
THE IONS AN&"%F^/TFIE ELECTRONS 

The tipe has now come to give some 
idea ol the methods by which it has been 
j 30 ssible to measure not only/^e ratio be- 
tween the electric charge ana the mass of 
the electrons or of the ions and the separate 
yalues of these tw^o quantities, but the 
velocity with which they mov^ under various 
conditions. Such methods for the most part 
are based upon the effects which electric and 
magnetic fields, either acting separately or 
simultaneously, produce on the moving elec- 
trified particles; or they are based on the 
heat which is developed by the particles 
themselves when they iltrijre an obstacle ; or, 
finally, on the property which thg particles' 
possess of ^ting*as nuclei for the condensa- 
tion of yapouMl Without entering into the 
details of the experiments afid of the calci^lU- 
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tions which relate to tlll% let usiexamine 
these different phenomena, 

First, let us consider the effect which the 
magnetic field cathode rays, 

which move so ^ to rcn^r the wall of the 
discharge tube Jhtoinous at a point opposi te 
the cathod®, aiRl||fcose direction perpen- 
dicular td* that ot die field. I'or example, 
the tube iit which the‘ cathode rays are gen- 
erated may be placed^hetwecn the poles of 
a magnet. The electrons in motion, which 
constitute the cathode rays, deviate from 
their rectilinear path, and the rays them- 
selves assume the form of circular arcs. In 
fact, the magnetic field produces an electro- 
magnetic force which affect^ the moving 
electron. This force is in th^ direction of 


that which the field would produce on an 
electric cfffrent coinciding with the trajec- 
tory, and hence it k perpendicular both to 
the trajectory and ta the magnetic force ; it 
has no effect on the speed of the electron, 
but only Dn the direction of its motion, which 


is circular and uniform. The electromag- 
ixellti force must then be equal and opposite 
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to the «ntrif.ug^ force of this circular mo* 
tion. th^entrifugal force depends in 

a simple 'and i^)^OTO,manner on the mass and 
the velocity of th#^rficle and on the radius 
of its trajectory rj .and, on tljl^other hand, the 
electromagnetic force is p^ortional to the 
charge of the electron |||i tdu'^itg velocity, 
since the product of these two factors fepre- 
sents the intensity offthe, equivalent electric 
current. We thus atHve at a simple relation 
between the followingduan titles: first, charge 
and mass of the electron, or, more exactly, the 
ratio between the two; second, the velocity 
of the electron; third, the intensity of the 
magnetic field ; fourth, the radius of the cir- 
cular arc which is described.^ ,, The la^t two 
quantities may be measured, and ft is only 
necessary to know one of the others in order 
to calculate the remaUiing one. , 

If one assumes, ^)||| at first it was 
assumed, that the velocity of the electron in 

> Let ^ represent the chs^ of each particlej^ its mass, 
y its velocity, // the mtcrusity of the magnetic%eld, p the 
radius of the trajectory. The relatloii whidi exists between 

theise qixwitities is 
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the cathode rayi ^ of the order of the mag* 
nJtude of the j^ecular velocities in gases, 
one finds, for.^ r^tto.bdl toe en charge and 
mass, a valsftaii ah ordef^l^ilar to that 
, w^h holds Wkiongj, in electrolysis. Thus 
d^-svould bi|: I qL to supj^e that the mass 
of the electri^^g «|!the orair of magnitude 
of that of #ie matertel atom. Forlunatel>, it 
was recoghjlzed vj^y sb|^ that this assump- 
tion was ij(|^rrect, an.^, fh addition to the 
magnetic delation -^f the cathode rays, 
other effects were bought and other theo- 
reticajhcoft^wi^ll^ns were undertaken which 
might lead to a simultaneous determination 
of the velo*cfly and of the ratio rhentioned 
above, ^li^^ex^ple, it may be assumed 
that th^ velocity oFthe electron is such that 
its kinetic f^ergy must equal the electric 
work dopp in the passage of the charge of 
the electrondrora the potential of the cathode 
to that of the anode. Such a method as this 
was adopted naiit long ago by Kaufmann (83) 
and Siniln {84). 

J. J. Thomfo^l (85) determined the velocity 
dlj#the electrons by measuring the npgative 
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charge which they gave up ^on entering a 
hollow cotoductor connected 'With an elec- 
trometer, after hjMyg a deviation 

in a magnetiajllTO and by^ieasuring at 
the same timej by meaijs of*^^ermo-elec- 
trie coupks the energy transi ly^H ^ by the^^ 
Thus two more rAtions„s||teiy^ added to 
the relation which exists between the quanti- 
ties mentioned above^^. One of these states 
that the electric chsKrge transported to the 
conductor (this is found by direct measure- 
ment) is, equal to the ntthiber of electrons 
multiplied by the constant charge of ea|^ of 
them ; the other states that fhe energy trans- 
ported and transformed int^ heat by impact 
(and measured by means of ^ tl\prmo-eloc* 
trie couple) is equal to th^ number of elec- 
trons multiplied by the kinetic ejaergy of 
each, which is the half-product of the mass 
and the square of the velocity. 

To the two unknown quantities which we 
had at first, we have thus added a new one, 

mV^ 

^ The two relations are Q = IV, where Q is 

the total quantity of electiicity transported, JV the number of 
electrons, and W their kinetic energy. 



n4 mXss, velocity, and electric charge 

which is the number of electrons set in 
motion during the experiment ; but now we 
have three relations instead of the single- 
one we had h€|ice« by eliminating 

the number of.^ectrottl if becomes possible 
to calculate bp® the ratfd^etween the charge 
and mass of and the velocity 

as well.^ Th^Sit results of any importance 
were obtained by this method. Values of 
the ratio between c|Mti:ge anc^.mass of the 
electrons were obtained, which differed but 
lightly from each' other When the rarefied 
ga^P which the cathode rays were produced 
w^^ckanged (air, hydro|;en, carbonic acid 
gas). 'In every case the value found clearly 
indicated that, ff^very electron represents an 
electric charge p<iual to that of an electrolytic 
ion, its mass must be, on the contrary, very 
much smaller than that of an ion of hydro- 
gen. The values found for the velocity of 
the electrons showed, that it is very much 

1 The eliminalioB of JV from the three equations leads to 
the two following : — 

_ % W 

Qfif,' 

which serve to calculate V and :: 2 * 
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greater than the molecular velocities of 
gases, and that, in fact, it was in this in- 
stance aliout one-tenth 4^ the velocity of 
light. ' ' „ : ' 

Another method iifcr the determination of 
the velocity of the ' .^feitronyif. the cathode 
rays, which is based ’*01^ 'd^^j^eviation pro- 
duced by an electric field, is also due to 
Thomson (86). 



^Fig. 14. 


The cathode rays leave the cathode C 
(Fig. 14) and are reduced to a narrow bun- 
dle by two thick metallic diaphragms ^4 and 
B, communicating with the earth and pro- 
vided with narrow horizontal apertures, and 
then pass between two metal plates D, E, 
If these are oppositely . charged, the rays 
should deviate from their rectilinear path, 
since the negative electrons, which consti- 
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aite the rays, will be attracted by the posi- 
tive plate and repelled by the other. Hertz 
had be(y3funable to ^]btain the expected devia- 
tion of cathode rays in an electric field, and 
neitlW did Thomson succeed in obtaining it 
at first, becous^. conductivity which a 
rarefied acquires when cathode rays pass 
through it makes it impossible tq maintain 


the tw'o plates at a diffei'ence of 

potential^But when tl^^™|hest attainable 
rarefact^TO th^ gas is agj^hed, it is possible 
i&jM^nOT|^^ffcct and to see the displace- 
P^B^,jth&^||jipt>i^^pot §it the end qf 
tftyk’vdtfe phosphorepi^uce excited 
the^ cathode rays. If, for <iiartiple, the plate 
^ is positive and D negative, the lumiiious 


spot’idescends, which shows that the path of 


the electrons has been curved downward. 


In fact, the electric force, which nmy be 
assumed constant if the two |>lates are 
sufficiently large and near together, will cauSe 
each, electron to d^ribe a parabola, and thus 
^||;l^thode raj |p[ !; will-curve, precisely ^s a jet 
of water issuirig frofn a horizputal itobejCurves 
under the infliience M gravity. 
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In the case of gravity the force is propor- 
tional to the mass of the moving body, and 
the acceleration is independent the mass. 
Here, on the contrary; tlife fore on ah 
electron, and hence alsp the acc^ration 
which it i|-oduces, is prc^ortional to the elec- 
tric charge ; and since, for a charge, 

and hence for a given electrir force, the 
accelerationi!Li»,^,^erse ratio to the mas^ 
the acceleration itseih 
|of fhe par a^^ fe' depends 


it may be 
on which th 




in a known matfher, is pn 
.pitio between the 
[the electron, y just asih-tih 
rie'tic deyia^n; so, also, in 'Cs. case orm 
elecpdc deviation there?* exists a r^aUfen. 
which contains the above ratio and jjie ini- 
tial velocity of the electron. Hence, iFsimul- 
tanpously with the electric field a magnetic 
field is pibduced, the lines of f^ce of which 
are perpendicular both to the unes of elec- 
tric force s^d the dirpetioni^ the It 
will ^be pi&sible to calculate not onl^iihe 
ratio be^eet^ the chai^fed mass 
electrorf, but also its velocity. Moreover, it 
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is possible to arrange matters in such a way 
that the effects due to the two fields shall 
neutralize each other. Then the two quan- 
tities to be determined may be deduced from 
the intensity of each of the fields, and from 
the deviation produced when only one of 
them acts.’ In tins manner Thomson ob- 
tained a value for the velocity about one- 
tenth that of light, and a value for the ratio 
betw'een the charge and mass of an electron 
in agreement with that found by the other 
method- 

Similar measurements were made by Mr. 
ft. A. Wilson {87), who used a series of 
cathodes made of different metals and proved 
that the results obtained did not depend on 
the nature of the cathode. 

Almost at the same time Thomson’s 
method was used by Lenard (88), who ex- 


^ by $ the deviation produced separately either 

by the isIffIriG or magnetic held, by / tl^e length of the 

path s^^ctron exposed to the deflecting 

^ce% intensity of the electric fleldy and by // the 

tnagnetsc fl4i>l&tt*ength, we have 

tiSsL iT 


0 _ F$ 
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perimentcd with the rays which bear his 
name; thit is tb say, with cathode rays which 
are made! to issue through thin aluminium 
foil from the tube in which they are pro- 
duced. 


Lenard also {89) applied a new method, in 
which the electrons were subjected to the 
action of an electric field parallel to the 



direction of their motion. For this purpose 
the Lenard rays generated by the cathode 
C (Fig. 15) issue from a We A, which is 
closed with aluminium foil, and thus pene- 
trate into the apparatus V, contlt|ning a 
highly rarefied gas. In thif a com 

denser is placed consisting of parallel 
metallic disks, a, b, and having a^all open- 
ing at the centre, through whi<!li the rays 
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coming from a and directed toward the 
phosphorescent screen S, must pass. Two 
metallic tubes, m, n, protect the rays from 
the electric action of the dislfv^r which may 
be insulated and charged, while d is kept 
always in communication with the earth. 
HenSe it is only in the path between a and 
6 that the electrons are exposed to an elec- 
tnc force which increases or diminishes their 
velocity acc(^rding as the disk a is positively 
or negatively charged. These same rays 
are, however, subjected farther on to a de- 
flecting force, as in the preceding method, 
produced by a magnetic field or by a trans- 
verse electric field ca‘u|^d by the •parallel 
disks d, e, and the deviatfbn thus produced 
is measured. 

As ope nfi^t expect, for a given electric 
field betwtep d and e the deviation depends 
upon thft sign of the charge on a, since the 
Ir^oc^.-Jivith which the electrons arrive in 
the Wslc^ producing the deviation, depends* 
on the ^gn of this charge. By measuring 
this devlilioto and the intensity of the two 
fields the ratio so often referred to may be 
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calculated ; the value which L^ard obtaiiied 
by this ipiethod will be given farther on. 

Finally^ I will cite a most ingenious, 
but ratht'l complicated, method which was 
adopted % Wiechert (90) in making a di- 
rect and accurate determination of the veloc- 
ity of the cathode rays. By combining his 
results with those obtained by the method 
of magnetic deviation, he was able to calcu- 
late also the ratio between chaijge and mass 
of the electron. 

But it is not only on the electrons of the 
cathode rays that measurements designed to 
determine their characteristic constants have 
been performed ; other measurements have 
been made both o^ the negative electrons 
emitted by metals subjected . to ultraviolet 
rays and on those emitted by incandescent 
or by radio-active bodies. Tflt|S, ,J. J. 
Thomson (91) resorted to an experimental 
method in which a magnetic field ^waa 
caused to act upon the electrons enmtod 
by an illuminated met^|. By of an 

almost identical experimental arral%ement, 
the writer {93) had - previously detenuined, 
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that a magnetic field reduces the transport 
of negative electricity from the body which 
receives the ultraviolet rays to neighbour- 
ing bodies; Thomson 
interpreted this fact 
in tertps.of the new the- 
ory, and availed himself 
of it in the following 
manner. 

A small, negatively 
charged zinc disk AB 
(Fig. 1 6), sup|>brted by 
a metallic rod X, is 
placed in a vessel con- 
taining highly rarefied 
air in such a way that 
it may be brought more 
or less closes tO' a metal 
grating CA which is 
parallel with the disk 
and cbsnected with an 
electrometer. The vessel is closed by a 
quartz plate EF^avl order that the more 
refrangibljC ultraviolet radiations caused by a 
.sho^r (Sparks -pa^ing^. ^tween zinc wires 



Fig, 16. 
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may not be absorbed before they arrive at 
the charged disk. When the apparatus has 
been testtd to make sure that the electrom- 
eter becomes discharged by the radiations, 
even when the disk AB is relatively far from 
the grating, a magnetic field is produced the 
lines of force of which are parallel tb the 
disk and to the grating. It is then found 
that if the distance between the disk and the 

Fig. 17. 

grating is increased to more than a certain 
amount, the transport of the negative elec- 
tricity from AB to CD ceases almost entirely. 

The mechanism to which the phenomenon 
is due is the following; before the magnetic 
field is set up the negative electrons which 
the radiations expel fi'om the zinc disk AB 
(hig* 17) pass directly from AB toward 
CD ; but after a magnetic field perpendicular 
to thfe plane of the figure is produced, each 
electron describes ac curve which may be 
shown to be a cycloid, and as a insult* the 



*24 MASS, VELOCITY, AND ELECTRIC CHARGE 

l^ectron aftysr having gone a certain distance 
'from the disk returns to it without having 
J^en able to reach the grating if the latter 
is too far distant.^ A few of the paths de- 
scribed by the electrons ate shown as broken 
lines in the figure. 

The maximum distance attained bj an 
electron depends in a known manner upon 
the intensity of the electric field between 
the disk and the grating, upon the intensity 
of the magnetic field, and on the ratio be- 


‘ Chbosing the JY-axis in the direction perpendicular to 
the disk and the grating, the > -axis perpendicular to the X- 
%jcis and to the magnetic held, w# have as the equations of 
Wtioa: — 


m ^ ■= /> • 
dt^ 


di' 


dt^ 


.He 


4£, 

dt' 


Supposing the initial val«|#of r, to be zero, the 

solution of th«^ equations is : — 

n (l - cojSi ^/), ^ k: a (pi ^ sin in which 

The radius of tWIHA which |^neratei the cycled is ^ , and 
hence the maximum" distance from the zinc disk which an 
electron may attain is : — » 
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tween thf charge and mass of the electro*^ 
Hence it is gossible to determine this ratio 
by measuring the first two quantities and the 
maximuiu distance between the disk and the 
grating heyond Which the latter no longer 
receives a sensible charge. The accuracy of 
the determination is limited by the fact that 
the electrons do not all leave the disk with 
equal velocities^ and hence the maximum 
distance from it which they attain is not the 
same for all, 

Tliomson (93) applied a similar method 
to the electrons emitted by an incandescenii 
metal. Lenard (94) measured the ratio by 
resorting to the action of ultravjplt^i rays on 
metals in a vacuum ; and finally Becquerel 
(95) and others determined the constants for 
electrons emiHed by ^adio-active bodies. 
Without at present entering into the details 
of these last dete;pninations amd # others 
which have givejg analogous TeStilts, it will 
be well to tabulate tJie princip^ values of the 
ratio between the charge and mass of an elec- 
tron in order that these values may be com- 
pared witli 'each other. ; 
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SOHRCK Of 
'TTIK El«C 
TROK® 

KxraaiMaNTKR 

Datk 

Ii|»THOP 0S|CD 

■Ratio 

BFl’WKEN 
ChAROE AN£> 
Mass 

Cathode 

Ray& 

J.J. Thomson 

1897 

Electric Deviation and 
Magnetic Deviation. 

aji • 10^®* 

lllhlhode 

RayB 

J. /. Thomson 

1S97 

Magnetic Deviation, 
charge trxtnspoi ted, 
and heat evoHed, ' 

35 1 . to^ 

Cathode 

Rays 

Kaufmann 

1897- 

1898 

Magnetic DcviatHpn, 
and 

Potential Difference. 

558 * 10^ 

JLenard 

Rays 

Lenard 

00 

Eleclriv DeMalionand 
Maguetjic OevuiUon. 

191.7* 10^' 

Leioard 

Rayn 

Lenard 

189S 

Deviation and Electric 

1 leld. 

204 • 10^ 

Cathode 

Raya 

Simon 

1899 

Magnetic 1 h \ mtion 
am) 

Potential Diffeiencc. 

559.5 • 10^6 

1 

Cathode ; 
Raj^s j 

WeuheH ^ 

1 

1S99 

Magnetic peviatii'ii 
and Velocity. 

[303 ^ 

|l 4 f»S * 10^ 

Ultra- 

violet 

Kays 

J.J. Thomson 

1899 

] nminuticm of the j 
discharge hjrlhe action! 
of a magnetic held, j 

228 • 10^* 

Metal 
heated to 
Redness 

J.J. Thomson 


Diminution of the 
discharge by the aciion 
of a magnetic field. 

261 * 10^ 

Ultra- 

violet 

Rays 

Lenard 

IcgX> 

Magnetic Deviation 
and 

Eilectnc Field. 

345 • f 

/S-Rays 

from 

Radium 

Becquerel 

T900 

Electric Deviation 
ihnd 

Magnetic Deviation. 

about 

300 * loh^ 


signifiifcs the number obt»tne«fl by writing *5 *eros to the right of the 
Df^ti that i* to »ay, the number a3i,<>ep,ooo,oeot<aoo,ooo. The ««»* of charge 
iujk^ted here i« the elect routetic, which i« (iefined as the gwmtity of electricuy 
which a lihe charge placed at a distance of one centhnetet with mnit force; 
that kSSS ^ force of one dyne. 
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If acco|int be taken of the great variety 
of phenomena in which the negative elec- 
trons make themselves manifest, and of the 
diversity of the methods adopted in the 
measurement of the ]t|itioJ?etween the charge 
and the mass of each electron, the accord 
between the results is most remarkable. 
There can then remain no doubt as to the 
order of magnitude of this ratio since it turns 
out to be between 663 and 1937 limes greater 
than the analogous ratio for the hydrugeu ion 
in electrolysis, which is equal to 0.289-10^®, 
and still greater" than Jthat which relates 
to the ions of other bodies. Therefore, the 
particles constHiiting the, cathode rays and 
the y8-rays from radio-active bodies cannot 
be atoms, but must be particles of very much 
smaller mass. Thus it is that the existence 
of masses which are much smaller than that 
of the smallest of the atoms of known sub- 
stances, has been demonstrated in the surest 
possible manner and by purely physical 
methods. , 

The difference between the values feund 
by various investigators for the ratio hSKhlSk 
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the charge and mass of the electrons is not 
solely due to errors in measurement, since 
the very accurate experiments made by Kauf- 
mann (g6) prove that this ratlb varies with 
the velocity of the electrons, becoming rapidly 
smallei^'as thi|" velocity approaches that of 
li^t. Kaufmaij^ caused a magnetic and an 
efectric field to act on the ^-rays, emitted by 
one of the salts of radium, in such a way 
that tfe^elds had a common direction per- 
pendicular to that 0 the rays. The action 
of the magnetic force is to cause the rays to 
deviate in a certain direction, while that of 
the electric force is td- cause the rays to devi- 
ate in a direction at right angles to this. 
Thus the experimental arrangement resem- 
^es the well-known one th# crossed 
prisms, in which two prisrriW ’cause light to 
undergo two successive deviations at right 
angles to each other. Just as in this latter 
experiment each O^oured rdy, separated frof^: 
white light by the action of the first prisrti, 
sufifers a new deviation due to the ^second 
and thtse deviatiom may be *pa- 
rately measured, so also ini Kaufmann’s ex- 
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perirnent the deviation of each of the /8-rays, 
which differ as regards the velocity of the 
electrons which constitute them, may be 
measured. 

By such a method as this Kaufmann found 
for the ratio between the char^ and iJiass of 
the electrons values approximately equal to 
those obtained by other experimenters so long 
as he was dealing with electrons of relatively 
low velocity, or electrons constitutingi^eebly 
penetrating )8-rays, but|, lie found much 
smaller values for the more penetrating rays ; 
in fact, the ratio fell off to about one-half of 
the usual value for electrons whose velocity 
was about nine-tenths that of light. 

Inasmuch as everything seems to point to 
the fact that the electric charge is always the 
same for all elefetrons, it must be held thatf’ 
their mass is not constant, but increases 
rapidly as their velocity approaches that of 
light. This result is of great importance, 
since it is in conformity with the suppo- 
sition that the electrons do not possess a 
material mass in the ordinary sense of the 
word, but only an appar^t mass due to the 
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fact tteit they are electric charges in motion. 
But we s|;^l ri^turn to this subject in the last 
chapter. 

Wien (97) and Thomson (98) carried out 
measurements on the positive ions which 
constitute the canal rays, similar to those on 
the ne^tive electrons. ' The first of these 
physicist^ obtained as a result a velocity of 
3600 kilometers per second, and the value 
0.009-10'® for the ratio; Thomson found the 
ratio to be 0.012-10'®. Thus it is certain that 
the positive particles in the canal rays are 
not electrons, but are, instead, atoms or per- 
haps heavy electrified atomic groups. 

The preceding conclusion relative to the 
small mass of the electrons is based on the 
hypothiaas ^at the electric charge of the ions 
in gas«^^ equal to that which is associated 
with every ion in electrolysis (or better, with 
■': 0 ery valency of the ion). From now on 
this |hay be considered an establish^ fact 
ratb^ than a hypothesisi? In fact, the study 
of ,tKe:,:diff usion of ions in gases (99) has led 
to the important conclusion that the electric 
charge of each ion ist sensil:^, equal to th^ 
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’ . P' 

which the ions have in electrolysis. But 

even before this result had been obtained 
Thomson (loo) measured directly the charge 
of each ion in a gas, employing an extremely 
clever method bf which we will now attempt 
to give an idea. 

When air saturaited with water vapour sud- 
denly expands, a part of the vapour'(i|>ndenses 
in a cloud as a result of the cooling which 
accompanies the expansion, and each little 
globule generally has as a nucleus a particle 
of the microscopic dust which is ordinarily 
contained in the atmosphere. It seems, in 
fact, as though the presence of very minute 
bodies was required for the condensation of 
vapour, and that the condensaticp begins on 
the surface of these bodies whose uMfeaf 
curvature must certainly be veryjiniali. At 
any rate, the presence of these corpuscles is 
favoui^hie to the liquefaction of the vapour ; 
for if the dust is carefully removed, it is 
necessary to expand the moist air considera- 
bly more in order that the cloud may fdilti. 

Mr. C. T,. R. Wilson (loi) showed that a 
gas contamiu^icffiiS behaves like air charged 
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with dust, since the ions themselves act as 
nuclei or centres of, condensation for the 
vapour. And, in fact, an expansion of the 
air which may be too small to cause a cloud 
to form, may, on the contrary, be sufficient 
to precipitate the vapour when the air itself 
is ionized ; for example, by passing Rontgen 
rays through* it. That the change in be- 
haviour of the gas is really due to the pres- 
ence of ions was confirmed by the fact that 
the formation of the cloud is again retarded, 
or what amounts to the same thing, a greater 
expansion is necessary, when the ions are 
removed by the passage of an electric cur- 
rent through the gas. 

The apparatus used by Thomson is some- 
what complicated, but the essential part is § 
vessel which contains the moist air, and in 
which two horizontal conductors are placed 
one above the other. The upper, which may 
serve tp close the vessel, generally consists 
of a disk of thin aluminium which is kept 
in electrical connection with the earth ; the 
lower, which tna^ bonsist of the mass of water 
which keeps the kir' «bow it saturated, is con- 
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nected to an electrometer. At the proper 
moment the air is ionized by allowing X-rays 
or the rays emitted by a radio-active body to 
enter the Vessel by passing through the alu- 
minium plate. Ions may also be introduced 
into the vessel by charging the lower con- 
ductor negatively and by letting ultraviolet 
rays fall on its surface. In this case the alu- 
minium disk is replaced by a metallic grat- 
ing, the vessel is closed by quartz plate, 
and a zinc or other metallic disk is chosen 
as the lower conductor. 

In the first part of the experiment a meas- 
urement is made of the. quantity of electricity 
which passes from one conductor to the other 
in unit time ; that is to say, the intensity of 
Ihe current which traverses the ionized air is 
measured. This is found by multiplying the 
diminution of potential in unit time, which 
is calculated from the decrease in the devia- 
tion of the electrometer, by the capacity of 
the system formed by the lower conductor 
and the electrometer. But, on the other 
hand, this current is dfie tq the motion of 
the ions under the action of the electric field* 
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wjiich exiaSB between the two disks ; and the 
intensi^ of the ,current may be calculated 
in terms of the following quantities: the 
strength of the electric field, the number of 
ions which exist in iinit yolume, the charge 
of lach ion, and th^ .i^ocity with which they 
move from one disk to the other. By equat- 
ing the two for the curreht strength a 

relation is obtained which contains the num- 
ber of ions, their charge apd their velocities, 
in addition to the numefl^cal data resulting 
directly from the ^^xperiment.' But the ve- 
locity of the ions in an electric field of known 

^ Calling the intensity of the field between the two disks 
E, the number of %)tis per cubic centimeter yvj the velocity 
of the ions in a field of unit intensity the charge oi| each 
e, the area of the disks the intensity of the current from 
one disk to the other is obviously 

ATFEeA; 

and if C is the capacity of the insulated disk, P the diminu-* 
tion potential in unit time, the eqiution which is men- 
tione#in the text is 

ATFEeA^eP 

By measuring J?, A, C, Py and by assuming for V the value 
ifiven by speciaj eai|>enmfint« UtMch Rutherford undertook to 
determine this Wlodty {480 centimetms per second in the 
^ijase of %ms produced in air By X*rays), only J\t and e remain 
ff#ikno|ivm iV was measured In the manner des^ibed farther 
^on in the text^ 
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intensity |ias been measured and®'is known; 
hence, ih order to Arrive at a dcterfiSnation 
of the charge of the. ions, only the number I 
which exist in unit volume remains to be 
measured 

The sefeond part ot the expenment serves 
to accomplish this. If a cloud is produced 
by a suitable expansion of .th^ air, it |s suffi- 
cient to count* in ^ome wy the globules of 
water of which it is formed in order that the 
object of the experiment may be attained. 
In fact, assuming that each of the ions is a 
nucleus of one of the drops, the nunrber of 
the fornaer would equal the number of the 
latter. Now, to estimate the number of 
drops, it is sufficient to divide the total mass 
by the mass of each drop. The calculation of 
the total mass is based on the measurement of 
the lowest temperature which the air riches 
in the act of expansion and on the measure- 
ment of the temperature of the air itself after 
the formation of th©/ cloud •,^ the mass of 
each drop is inferred |rom its diameter, jpid 

w ■ ' ’ 't, 

1 Calling the two temperatures /, the specific heat oi th<* 
air at constant volume C, the latent heat of vaporization ot 
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this in turn from the veloi^ty with which it 
Wls, or from the rate of descent of the upper 
surface of the cloud,' which is always suffi- 
ciently sharp in outline. Naturally a rela- 
tion exists between th% dimensions of a 
sj>here and the velocity with which it falls. 
While it is .Ifue that all bodies fall with equal 
velocity in a vacuum, this is not the case in 
air, the resistance of whicl^morc or less slows 
down their motion. In the case of a sphere 
this slowing down is the greater, the smaller 
the sphere, because, while the weight is pro- 
portional to the volume and hence to the 
cube of the diameter of the sphere, the re- 
sistance offered by the air is proportional to 
the surface, and hence to the square of the 
diameter. Therefore, as this is diminished, 
the weight falls off more rapidly than the 
resistance of the air. This is the reason why 
bodies reduced to fragments, such as powders 
and small drops, fall so slowly that they often 
seem to stand still. 

the water Z, the mass of the air hi unit volume the mass 
of vapour condensed in a cubic centimeter of air we have 

Lq^CM if -f). 
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To determine the diameter of the drops of 
water, a formula^ is employed which contains 
this diameter in terms of the velocity of 
descent and the viscosity of the medium in 
which the particles move. The number of 
ions and therefore the charge of each may 
be calculated in the manner described above 
when the diameter is known. 

The final result which Thomson obtained 
from a series of observations made on air 
ionized by X-rays was that the charge of 
each ion is (in electrostatic units) 6.5 - 10””, 
or 0.000 000 000 65. He deduced from his 
other experiments on the action of ultra- 
violet rays on ^c the value of 6.8 • 10”’°, 
which differs only very slightly from the 
above result. 

However, Thomson (102) himself later 
found that a correction should have been 
applied to these values. It has been proved 
that the condensation of vapour on the nega- 

^ If V h the velocity with which a drop failsy r Its nidius, 
fi the coefficient of viscosity of the air, and g the acceleration 
of gravity, this formula is : — 

gp,V-2grK 


For air = o.oooiS. 
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tive ions, takes place with an expansion less 
than the minimum necessary in the case of 
condensation on positive ions, and that prob- 
aJWy, in the experiment described, a few of the 
positive ions ajgted as nuclei. In fac|j it is 
now known tfSt, when the volume of the 
Uftoist air is suddenly increased in the ratio 
ci 1 to 1.25, the negative and not the positive 
ic*ns act as nuclei in -formation of the 
drops; it is only when the expansion is in 
the ratio of 1 to 1.31 that the positive ions 
begin to take part in the phenomenon. 

A series o|, new experiments, in which 
account W||S taken of this, led to the more 
accurate resu^; of 3.4 • io~‘^lectrostatic units 
as the charge of each single ion. 

Shortly after this, new research on the 
same subject was undertaken by Mr. H. A. 
Wilson (103), who adopted a slightly different 
method, which has the idvantage of not re- 
ijuiring the evaluation of the number of ions 
existing in the air subjected to the ]l^5ntgen 
yays. 

In case also, by a sudden expansion of 
the air, the water vapour is condensed into 
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drops MVing an ion as a nucleus, but the 
cloud is made to form between two parallel 

4 

metallic disks. When these are oppositely 
electrified, the velocity with which the drops 
fall is different firom that |SiNich they pos- 
sessed before the electric field was set up 
between the disks. Whether the change 4s 
an increase or decrease depends on the direc- 
tion of the electric f^Tce. By measuring this 
velocity, sufficient data^re available for the 
calculation of the charge of each drop.^ 
Without entering into further details rela- 
tive to thes® very ingenious experiments, I 
will point out tliat they confirm^ the fact, 

^ CalHug the velocilj^with which ther drops fall wbexi there 
IS no electnc held v\ that when thV held accelerates the fell 
t/', the intensity of the field the charge of the ion the 
mass of a drop the acceleration of it is evident 

that we have 

m -f Xe) t/j 

but from the equation 

of the preceding footnote we may deduce 

Hence, on oHminating w, we have 

# = 3,14- io-»l ^/¥, 

JC 

which permits a calculation of # based on the meast^ment of ' 
JT, w', and 
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previously noted by Thomson, that When the 
intensity of the X-rays employed to ionize the 
air is very great, a number of ions may unite 
and form the nucleus of a single drop. In 
this case it follows that the charge of the 
drop is either twice, or three times, etc., that 
of a drop which has but a single ion as a 
nucleus. Wilson’s experiments show that 
this really may happen, since the cloud sepa- 
rates into several h^zontal layers which fall 
with different velocities. Evidently one of 
the laj^ers is formed by ^rops .^ying but one 
ion is |^.jnucleu|j another lafe? by those hav- 
ing twd^kms as a nucleus, etc. It is clear 
that, by taking this iis^tosaccount, a measure- 
ment of the velocity with which any one of 
the various layers falls may be used in cal- 
culating the quantity sought. The result 
which Wilson obtained (3.1 • 10“'") differs but 
slightly from Thomson’s result. This value 
.j^s almost identical with that found by calcu- 
lating the charge of the hydrogen ion in elec- 
trolysis, assuming the mass of the ion to have 
the value calculated from the kinetic theory 
of gases. 
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see that the numerical agreement 
which the theory would lead one to expect 
is substantiated within the limits of precision, 
which in this sort of research may at present 
be reasonably demanded. 



CHAPTER vn 


THE ELECTRONS AND THE CONST ITITTION OF 
MATTER 

On account of the facility with which the 
f^fiectron theory lends it$elf to the formation 
erf a model of the mechanism of physical 
phenomena» it decided utility* 

even in the minds of thos^ wjio see in it 
^nly aftfln^trumeM fQi'^rese^Hrh. In reality, 
theory ifself is hardly in its initial stages/ 
and it wotild be pre^^jture to consider it 
just yet as a solid basis for a new system 
of natutal philosophy. Nevertheless, since 
even from this point of view it is constantly 
acquiring importance,’ it be useful to 
dedicate tliis last chapter ® a concise expo- 
bitioft of the h^^othesis# according to which 
matter is now coming to be considered as 
built up of electrons* 

A role of fundamental importance is 
assigned to thi^ electrons in this new mode 
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of concei’^ng the constitution of bodies ; but 
in order fhaf it may be possible to ei^lain 
the knowh phenomena in terms of the elec- 
trons, it is necessary to sup^se them to be 
endowed with certain essential properties. 
Thus, for example, it is held that there exist 
electrons of two sorts, which are in a certain’ 
sense mutUsdly antagonistic, nainely, negative 
electrons and positii® electrons; it is held 
that the first and not the second may exist 
in the free state} it/ is admitted that the 
separation of a negative electron takes place 
more easily, of with less expenditure of 
energy, from certain atoms, like those of 
the metals, than from others. However, 
the fundamental property attributed to the 
electrons is that, in their essence, they con- 
sist of electric charges acting on each other 
in the mapner ^j^ressed by the formulae of 
Hertz or Maxwffi^ It follows from this that 
the new theory does not pretend to give 
Season for the cause of electric phenomena. 
This still remains a mystery. While for- 
tnerly, starting with the existence of cosmic 
ether and that of ponderable matter» char- 
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acterized by its principal attribute, inertia, 
the attempt was made to give a mechanical 
iStplanation for all phenomena ; now, dh the 
contrary, starting with the ether and the 
electrons, the attempt is made to construct, 
so to speak, ponderable matter out of these 
and to take account of the phenomena 
which it presents. Hence it may be said 
that the electron theory is much more a 
theory of matter than a theory of electricity ; 
or, rather, in the new system electricity is 
set up in the place of matter, the existence 
■of which was, on the whole, not much better 
understood than is the essence of the elec- 
trons at the present time. 

In order to better understand the impor- 
tance of the hypothesis and the fundamental 
attributes of the electrons, it will be well for 
us to consider synthetically the phenomena 
due to electrified bodies, either at rest or in 
motion. Following a line of reasoning due 
to Lodge {104), let us suppose that we bring 
into contact two bodies of different material 
and tilt|i separate them. They soon present 
that groiip'of properties which constitute the 
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two opposite electric states and, in particular, 

they each other and create the electriO'^ 

field which surrounds them. If one of the 
two bodies, say that which has the positive 
electric properties, is removed to an infinite 
distance, only the negative body need be 
taken into consideration. If we also suppose 
it to be very small, the electric field will be 
represented by rectilinear lines of force arriv- 
ing at the body from all directions. The 
surrounding ether is now deformed, giving 
lo this word the very broadest meaning ; that 
is to say, it exists in a strained condition, 
which is shown not only by the tensions 
along the lines of force, which cause the 
apparent forces at a distance, but also by 
the transverse pressures. What the cause of 
this special state of the ether is, how it can be 
susceptible of a dual aspect, that is, how it 
can correspond to a positive and to a negative 
charge, are questions which we are absolutely 
unable to answer, just as we are unable to 
answer the question, what is thfe real struc- 
ture and real nature*of the entity which exists 
ever^here and which is called the ether. 
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Let US no# suppose that the sriiAll nega- 
tively electrified body moves with ijpiform 
speed; that is, we will suppose the special 
state of deformation just defined changes its 
position in the ether. It may be deduced 
from Maxwell’s theory and from direct ex- 
periment as well.^^that this propagation of 
the ethereal strain from plate to place pro- 
duces the magnetic field. This may then be 
considered to be due to a deformation differ- 
ent in nature from the electric deformation 
but analogous to it, since tensions along the 
lines of force and pressures in the transverse 
direction also exist in th«, magnetic field. 
And if the motion is rectilinear, the lines of 
force are circles with their centres on the 
trajectory and lying in the planes perpen- 
dicular to this. A series of electrified bodies 
following each other with uniform motion has 
the properties of an electric current. Thus a 
con^tent <;urreigi|: may be considered as a flow 
«„'i^uidistant electrons in uniform motion, 
and a variable current as a flow of electrons 
variable motion, or of electrons which do 
not follow one another at equal intervals. 
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If the gmali electrified body moves with 
non-iinifol'm motion, the magnetic field which 
it creates is variable, and the phenomenon 
of induction takes place. If the motion is 
periodic, the phenomena of light occur. 
Every vai&.tion in the Velocity of electrified 
bodies cafises a v'ariation in the magnetic 
field, this produces a variation in the electric 
field, and these two variations are propagated 
together with the velocity of light. 

Let us now suppose that at a given mo- 
ment we wish to increase the velocity of the 
electrified body, which we will suppose to 
move up to thi%moment with uniform spasd. 
On account of the relations existing between 
the electric and magnetic force in an electro- 
magnetic. field, jit is not possible to accelerate 
the motion of the electrified body without 
the expenditure of energy. In fact, an in- 
crease in the velocity results in a variation 
of the magnetic fkld, whic%in turn produces 
an electric force tending to expose the aclrel- 
eration of the motion. In the same way a 
decrease in the velocity is opposed by the 
generation of an electric force which tends 
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to conserve the velocity* of the electrified 
‘'Jjarticle. In both cases the electromagnetic 
phenomenon is such as to simulate inertia, 
and the body by the mere fact of its being 
electrified behaves as though its mass were 
larger than it really is. 

^j^'^hat has been said of tlie small electrified 
body holds for an electron, and its mass, 
which we have stated to be less than one- 
thousa^dth that of the hydrogen atom, is at 
least in part not real, but apparent. 

This species of apparent inertia, which an 
electrified body or an electron presents, is a 
manifesta^on of the phenomenon called self- 
induction in the case of electric currents. In 
fact, if th^ are, instead of a single moving 
electron, a great number of such electrons 
following one another at small an|||j|,equal 
intervals along the same path, these repre- 
sent an electric current. An increase pr 
diminution in the velocity of the electrons 
gives rise to an increase or diminution of the 
number which pass a given point on the patli 
in unit time, and hence comej^pond to an 
increase or diminution in the intensi^ of the 
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current. Now what has been said about the 
effect due to the variation in the velocity of 
a single moving electrified body or of a 
single electron, is substantially true of any 
number of elections, and thus each variation 
in their velocity generates a force which tends 
to hinder the variation itself. Each change 
in the intensity of the current generates an 
electromotive force, which tends to oppose 
the change or to produce a new current in 
such a direction as to diminish the change. 
As is seen, this current is the ext'^a current^ 
and the electromotive force is the ekfiromo- 
tive force of self-induction. 

In summing up, it may be said that the 
electrons determine the produ<||on of the 
so-called electrostatic phenomena, when they 
are st j^ narv: of the phenomena of magneto- 
statics and of constant currents when they 
Ml? in uniform motion; of electromagnetic 
jMienomena4when they move non-uniformly, 
and of optical ''phenomena when they move 
iFith periodic motioh. A sudden variation 
in the velocity of an election which may be 
due, for example, to a collision, generates an 
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electrothagnetic wave in the ether analogous 
to the waves caused by an explosion in air. 
The X-rays are the ncianifestation of these 
waves. 

We are now in a i^osition to comprehend 
in what consists the modem hypothesis, 
according to which matter is built up of elec- 
trons. First of all, we may admit that the 
electrons are not matter, in the ordinary sense 
of the word ; that is, they do not possess mass 
other than that which they seem to have by 
reason of their motion and electric charge. 
KaufmAnn’s experiment, referred to in the 
preceding chapter, renders this hypothesis 
very probabfiftl He found, in fact, that the 
ratio between the charge and the mass of the 
moving electrons increases rapidly as the ve- 
locity approaches that light And since 
the hypothesis of a varying charge would 
be too improbable, it only remains to be sup- 
posed tlaStt the mass rapidly increases. Now 
such a result as this is in accord with the 
hypothesis according to which the mass of 
the elecft-ons is entirely electromagnet in 
its origin. 
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Wothing prevents us from suppo^ng that 
matter, And hence all known bodies, consist 
of aggr€*gations or systems of eleo^phs since 
the electrons, which may be considered as 
simple electric charges devoid of matter or 
as consisting in a modification of the ether 
symmetrically distributed about a point, per- 
fectly simulate inertia by reason of the laws 
of the electromagnetic field and thus show 
the fundamental property o( matter. 

Therefore it may be admitted that a mate- 
rial atom is nothing but a system consisting 
of a certain number of positive and an equal 
number of negative electrons, and that the 
latter, or at least some of theih, move about 
the remaining portion like satellites. Mo- 
lecular and atomic forces w'ould then be 
nothing but the manifestations of the elec- 
tromagnetic forces of the electrons, and grav- 
itation itself might be explained with these 
concepts as a basis. In fact, this Ms already 
been attempted' 

^flf we suppose, one or more negative elec- 
trons to be taken away from an atom, it be- 
comes a positive ion, while the addition of 
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one or more negative electrons to a neutral 
atom produces a negative ion. The manner 
in which various bodies behave when sub- 
jected to free electrons in motion, as in the 
case of the cathode rays, is such as to indorse 
the hypothesis. It has indeed been found 
that a body prevents the passage of the elec- 
trons, or absorbs the cathode rays, in propor- 
tion to its density ; that is, in proportion to 
the»total number of electrons,- which consti- 
tute it, independently of the manner in which 
they are grouped to form chemical atoms of 
various kinds. 

The electrons would seem to be, therefore, 
the elements of constmction in the architec- 
ture of the atoms. When such a hypothesis 
as this is once adopted, the dogma of the 
invariability of the chemical atom or of the 
impossibility <}| transmutation' of chemical 
substances is forever banished from science, 
since according to this hypothesis everything 
is built up of electrons. We have already 
seen how the phenomena of radio-activity 
seem to show transformations of this kind. 

If, in addition, it is held that all bodiesr are 
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at least slightly radio-active and hence emit 
ions and electrons, these new views relative 
to^ the structure of matter become quite simi- 
lar to those which were advanced as the basis 
of a geneml explanation of physical phenom- 
ena more than a half-century ago by a clever 
and original Italian physicist, Ambrogio Fu- 
sinieri (105). In spite of the fact that the 
concepts of this physicist have hitherto been 
open to objections and now have lost a pairt 
of their value in the light of subsequently 
discovered facts, one thinks at once of what 
he called attenuated matter emitted by all 
bodies, when one speaks of emanations sent 
iOut by radio-active bodies, or of electrons 
which, like a species of slow and invisible 
evaporation, are probably given off in a con- 
tinuous manner by every material substance, 
and diffuse into surrounding space. 
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n it) safdng that Professor Joaei'i's presentation is the simplest, clearest, and most 
'■'^il^ikiiiate in .nnv language/* '‘ 

Professor "S, F, Bakker, ' , 

Johns Hopkins XTnlversltjr. 


•* It is A t*Rt-bo^k - itdikh will supply a long felt want to teachers who have to do 
l^itb stndehts unfamilfer with ihet^erman language. . . . The examples chosen are 
,^i( explained. With this book and Professor Walker's 

"'fntrtxkl^a, tp IS^li(fi(>l''Q)eiasBtiy our student* have now a'reroarkably good pres- 
esitftticm <d % 

Frofcisor J. W. Walkkr, 

■>» McGill University, 


** The aim of this little wprk is to present in a connected form the investigatious- 
whi^ lead up to and upon wl^h the electrolytic dissociation of Arrhenius is ba.scd. 

book WilVhe welcome to a large class of readers who desire some knowledge of 
the mo»e recent development* m physical chemistry, hut who have not the time or 
QpjKMrtdl^ cQ^ttltinjr l^e o.^gin«d Uteratute of thelhhieet/' 

, ^ * TAe Technology Review, 

:l*:^ehiiiMair^|^^nhtedi^ be nsefc^ lb those who wish to gain a dear notion of 
eosiie thft^sf 

American ^ Seionst, 







